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Abstract 
The reservoirs of the Bristol Waterworks Company are 
described with reference to fluctuations in water level and 
development of the littoral vegetation. The gastropod communities 
of two lakes are reported in detail whilst reference is made to 
the malacofauna's of the other water bodies of the system. 
The gastropod community of a shallow bay on Blagdon Lake 
was monitored quantitatively on a monthly basis for a two year period. 
Sampling was carried out using a box grab at a standard water depth 
so as to monitor the effects of water level changes on the fauna. 
Population data was obtained for six species ; Lymnaea peregra , 
Anisur contortus ' Anisus leucostoma 9 Gyraulus albus I Gyraulus crista 9 
and Potamopyrgus jenkinsi . Potamopyrgus jenkinsi demonstrated a 
bivoltine life cycle , all the rest being univoltine . The 
distribution of these species within the littoral zone is discussed. 
The survival of animals in areas exposed during periods of low 
water level was investigated and the results are discussed in 
relation to the physical character of the habitat. 
For comparison with the biotope studied on Blagdon Lake 
monthly samples were taken from Upper Litton Reservoir for the same two 
year period. These samples were taken using artificial substrates 
and enabled an analysis of the distribution of snails with depth. 
The snail population of Upper Litton Reservoir is completely 
dominated by one species I Lymnaea stagnalis and the life cycle 
of this species described. The survival of this species when 
exposed by a fall in water level is commented on. These field 
observations on the ability of Lymnaea stagnalis to tolerate 
exposure were further investigated in the laboratory and these 
experimental results are presented. 
In conclusion the factors affecting the distribution 
of freshwater gastropods are discussed with relation to this study. 
The factors affecting the survival of field exposure are discussed and =`. 
related to the habitats studied . The factors affecting the life 
cycles of freshwater gastropods are discussed with respect to the 
results obtained. Finally the importance of fluctuations of water level 
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The fauna of the littoral regions of lakes has received 
considerable atterion (Moon, 1934; Macen 1950; 1961; 1963; 1970; 
Dunn 1961; Hunt, 1970; inter slid ). a fact that is largely 
attributable to the accessibility and ease of qualitative sampling 
in this habitat. However most of the studies so far reported in 
this country have been concerned with oligotrophic waters. The 
exceptions are the richer lakes of the English Lake District 
(Macen, 1970), however there appears to be a gap in our knowledge 
as far as the littoral fauna of lakes of advanced eutrophic 
condition are concerned. 
Various authors have attempted to explain the composition and 
distribution of the littoral fauna with regard to water chemistry, 
either in terms of eutrophic status (Hubendick, 1947; Okland, 
1969; Macan, 1970; de Oliveria and Krau, 1970) or calcium 
content (Boycott, 1936; Macan, 1950; 1961; Hubendick, 1958; 
Okland, 1969; Williams, 1970a); the exposure of the shore involved 
to wave action (Boycott, 1936; Okiänd 1964,1969); and the geo- 
graphical position of the lake studied (Hubendick, 1947; Hunter, 
1957; OWand, 1969). Attempts have also been made to correlate 
the littoral fauna and flora, which are both affected by the same 
physical parameters (Macen, 1968; Okland, 1969). 
An aspect that has so far receivedtlittle'attention is the 
effect of changes in water level on the littoral fauna. 'Indeed 
there is surprisingly little data available concerning the range 
of water levels that may occur in natural lakes, although Mill 
(1895) observed- that a range of 2 meters was possible in the 
natural lakes of the English Lake District. The effect of 
changes in water level on the vector animals of such diseases 
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as malaria and bilharzia in the warmer regions of the world have 
received considerable attention (Hess and Kiker, 1944; Boyd, 
1971; WiH. O' 1957,1965; Paperna, 1969; Jobin and Michelson, 
1969). In this country only Moon (1935a) and Hunter (1953a 
and b) have studied the response of littoral animals to 
individual changes in water level. Moon studied the colonis- 
ation of areas inundated during periods of flood on Lake 
Windermere and concluded that the degree of colonisation was 
related to the rate of movement and physiological state of the 
animals themselves and to the food supply and the suitability 
of the substrate. In 1934, Chaetum, who studied the gastropod 
population of Douglas Lake in Michigan, observed a seasonal 
migration up and down the shore, that appeared to be related 
to changes in water temperature. Hunter (1953a, and b) studied 
similar seasonal migrations for two pulmonate species in Loch 
Lomond. In this study Hunter also related the respiration 
physiology of Ls pereara to population movements, both seasonal 
and in response to changes in water level. Apart from these two 
studies little or no work has dealt with the immediate reaction 
of the littoral fauna to changes in water level. 
The reaction of the littoral fauna of a lake to long term 
changes in the pattern of water levels experienced has been 
monitored in Llyn Tegid. In 1952, Dunn (1961) surveyed the 
littoral and benthic faunas of this lake. Following the con- 
struction of new sluices in 1955 the pattern of water levels 
experienced changed drastically and the changes that had 
occurred in the littoral fauna by 1959 were recorded (Hynes, 
1961). Since 1965 the water level fluctuations experienced 
have been reduced and again resemble those of the pre-1955 
period. The effect of this has been the return of a littoral 
fauna similar to that of 1952 (Hunt, 1970; Hunt and Jones, 
1972d), although certain oligochaetes and chironomid larvae, 
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favoured°by the more extreme conditions fare still abundant. 
During the course of the studies on Llyn Tegid a loss of 
nºacrophytes and a-redistribution of the sediments was 
observed. This-effect of increased watertlevel fluctuations. 
has also been recorded from Scandinavia (Quennerstadt, 1958; 
Grimes, 1961) where the effect of impoundment on natural lakes 
has received considerable attention. The bulk of the 
Scandinavian literature deals with oligotrophic lakes (Grimes, 
1965; loc. cit) and little is known of the reaction of eutrophic 
lakes to regulation. The pattern of water level fluctuations 
experienced by the Scandinavian lakes is different from that 
common in this country as the lowest levels coincide with the 
extreme winter conditions. 
The increasing demand for the impoundment-and regulation' 
of water bodies in the United-Kingdom and the increase in 
construction of lowland reservoirs, when , 
linked with the 
increasing demand for the recreational usage of such waters, 
underline the importance of establishing a- fuller understanding 
of the effects of changes in water level on the character of the 
littoral zone of both olico-and eu- trophic water. 
The effect-of changes in water level on the littoral fauna is 
greatly influenced by the gradient of the shore, the rate, 
timing and duration of any fluctuation in the water level, the 
aquatic vegetation present and the climate. 1 
Of the littoral feuna, the gastropods are a particularly 
suitable group to study in relation to the effect of changes 
of water level, as the numbers of adults present are' not 
affected by immigration and/or emigration. In the reservoir 
system studied the gastropods were one of the few taxa present 
throughout in adequate numbers to permit analysis of population 
0 
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structure. All of the lakes"of the system have a similar 
water chemistry and trophic status. -Their close geographical 
proximity removed any possibility of effects due to climatic 
variations. Thus these lakes provided an opportunity to study 
the effect of a variety of shore gradients, water level fluc- 
tuations and vegetation. The aim of'this"study was to elucid- 
ate the effects and importance. of changing water levels in 
controlling the abundance and variety of the gastropod faunas 
of these lakes. For this purpose it was intended to monitor 
the gastropod communities each month,, and to examine the 
species composition of the communities and the population 
structure of individual species in relation to changes in 
water level. 
Little is known about the variations in species composition 
of gastropod communities in relation to time, the only study so 
far recorded is that of Hunter (1961a and b). Hunter's work 
also included a study of the population structure and life 
cycle of the four species involved, (Hunter 1961b) and related 
the variations in population density and growth to climatic 
conditions for a number of years (Hunter, 1961a). There are 
also numerous lists recording the presence of gastropod 
species in a particular habitat, but giving little or no indic- 
ation of their relative importance or any variation therein 
through the year (Hunter, 1957; Holmes, 1955; Twigg, 1959; 
Dunn, 1961; Macen, 1965a; 1970; Hunt and Jones, 1972, b, c, d). 
Macan (1950) studied'a series of lakes and small tarns in the 
English Lake District and related the distribution of gastro- 
pod species to calcium concentrations and vegetation. Macen 
also noted the comparatively stable nature of the species 
composition of individual habitats over a number of years, but 
did not study the relative abundance of the various species in 
the only study so 
-5 
relation to time. Holmes (1959) commented on the quantit- 
ative distribution of freshwater gastropods on the various 
subs, trates present in Malharn Tarn, but did not monitor these 
populations for any changes therein through the year. 
Of the 38 species of freshwater gastropod commonly recorded 
in this country only ten have been the subjects of population 
studies. The lymnaeid species have received considerable 
attention with most of the work concentrating on L. stagnalis 
(Campion, 1956; Berrie, 1965; 1966; Buse, 1971) and L. pe regra 
(Hunter, 1961, a and b; Gruffydd, 1965; Macan, 1965a). Of 
the prosobranchs only Bthynia tentaculata (Lilly, 1953) and 
Valvata piscinalis (Cleland, 1954; Hunter, 1961a and b) have 
received detailed attention. Several populations of Physa 
fontinalis have been studied by Duncan (1959) and Hunter 
(1961a and b), whilst only two planorbid species have 
received any attention in Britain. Berrie (1963) studied 
an annual population of Planorbarius corneus near London and 
Hunter (1961a and b) included Planorbis (Gyraulus) albus in 
his study of the freshwater gastropods of Loch Lomond. 
Several continental studies have included species found in 
this country, but in these studies there is a tendency for 
species to be bivoltine rather than univoltine as is the case 
in this country (Michaut, 1968; De Coster and Persoone, 1970). 
The aim of this study was to investigate in the field the 
life cycles of the commonest species present in the reservoir 
system as well as attempting to elucidate the effect of water 
level fluctuations of varying extent and over different shore 
gradients, on the population structure of different species and 
on the species composition of the gastropod community. From the 
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range of habitats available within the system it was-hoped 
to identify some of the factors that are important, in the 
distribution of gastropod species in the littoral zone. of 
eutrophic waters. 
At this stage it is important to establish,, the meaning of 
the term littoral zone. - Generally-this term is applied to the 
marginal portion of the lacutrine system that typically supports 
a diverse flora and fauna and this usage originates from 
marine biology. The littoral region normally refers to the 
region of transition from a terrestrial to an aquatic 
environment, or more accurately* ,a portion of this continuum of 
changing environments. As the transition progresses from 
permanent standing water, it passes through a region of 
fluctuating water levels to a region that is never actually 
immersed but has a high soil water content due to capillary 
action of the soil and also depending on conditions, due to 
the effect of spray from the action. of waves at the waters 
edge. - The soil will become progressively drier until 
conditions are wholly terrestrial. - The definition and 
description of this transition will depend upon the scientific 
discipline involved. 
.A terrestrial 
biologist will regard it 
as the, change from-truly terrestrial to wholly-aquatic, with 
the invasion of the aquatic environment by terrestrial forms. 
In comparison,, the aquatic biologist regards the transition-as 
one of decreasing available water and the extension of the 
aquatic biota into the terrestrial system. 
In the-marine environment the littoral zone has been-equated 
with the intertidal zone i. e. that-area bounded by, the extreme 
high and extreme low spring tides. However the zonation of the 
biota of the shore is greatly affected by the-relative exposure 
of-the shore to wave action. On sheltered-shores the littoral 
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region as defined by biota, can coincide with.. the intertidal. 
region, but on exposed. shores the increased effect of spray 
enables the littoral biota to extend up the shore. - The 
terminology and validity of the zonation of the marine shore 
has been discussed by Underwood (1971) and he concluded that 
the most serviceable zonation-was that based on the biota of 
the shore. This biological system is practicable for the 
marine environment because of, the relatively constant charac- 
ter of both the environment and the biota over a wide 
geographical range. 
The great variation recorded for freshwater lacustrine 
environments within the temperate zone alone means that there 
is little possibility of a serviceable biological zonation 
being developed. Apart from 
., the fact that-both marine and 
freshwater littoral regions represent the, transition from 
aquatic to terrestrial conditions, there is little that is 
comparable. between the two environments.. The zonation of 
the marine, littoral owes much to the regular tidal pattern of 
water level fluctuations, but n. o such regular short term cycle 
has been observed in any lacustrine environment. The lake 
environment is affectedtibya wide range of factors, which 
were.,. summarised byJHutchinson (1957), who discussed the 
importance- of these factors in determining a lakes' character. 
The productivity and trophic status of a water body also varies 
not only between lakes but also intime, as evidenced by the 
change in the Great Lakes of. America in the . 
last half century 
(Beeton, 1969;, Edmondson, 1970). Thus the-biota of a single 
lake will be determined by.. a whole host of physical and, 
chemical parameters and within the lake, will depend on. such. _ 
features as the exposure of a shore to wave action. , 
This 
discontinuous distribution of the elements of. the biota within 
the system means that for purposes of comparison it is inad- 




The transitional region of lakes has often, been described 
on the basis of the floral succession associated with the 
increase in available water in the environment. However 
the development of the full, succession seldom occurs within 
a single system and if present normally covers a small propor- 
tion of the lake margin. The discontinuous distribution of 
the macrophytes limits their usefulness when comparing the 
marginal region of different parts of the same lake. 
As both the littoral flora and fauna are so variable 
within individual lakes it seems advisable to define the 
littoral zone on the basis of physical parameters. In_ 
attempting to do this one is attempting to establish an 
arbitrary zonation, which may be used for the better under- 
standing and comparison of similar regions of, a large number 
of environments. In order to distinguish the littoral region 
of lakes, two limits 
_ 
must be established, an upper and a lower. 
The upper limit of the, lacustrine littoral has been equated 
with top water level, but as we, have seen natural lakes such 
as Ullswater (Table 4) may, have a range of two meters in 
water level. Just what value should be given to the "top 
water level" within this, range is unclear. Should it be the 
maximum level recorded in the previous decade, half century 
or century? If so, how meaningful is this value to the, 
biota? In natural systems the maximum levels recorded are 
associated with periods of exceptional rainfall and are usually 
of short duration and only reach extreme levels once or twice 
in several decades. It seems unlikely that these extreme 
levels are important to the lake biota in the long term. A 
more useful concept may be the mean value of the maximum, level 
recorded annuaIly for the previous ten to fifteen years. The 
period of ten to fifteen years is chosen on the basis of 
e. 9 - 
experience derived from the examination of water level data 
from Blagdon Lake., In the calculation of mean low water level 
it was noted that once the number of years involved exceeded 
ten the effect of a single extreme reading was negligible. 
In the absence of any other definition for the value of, top 
water level, that previous authors have used as the limit of 
the littoral region, it will be assumed that this level 
should be the mean maximum level recorded for the ? revious 
ten to fifteen years. 
The lower limit of the littoral region has been described. 
by most authors as coinciding with the lower limit of rooted 
aquatic vegetation. As we have already said the use of bio- 
logical features is undesirable especially in this case as 
aquatic vascular plants are limited to the top 6.1 meters of 
waterby the increasing pressure. Below this depth bryophytes 
and macroscopic algae form the macroscopic flora. The use of 
the macroscopic algae as a characteristic feature is problem- 
atical as the epipelic. algae penetrate to even greater depths 
jRound, 1956). The use of aquatic vegetation in the definition 
is also of little use when shores devoid of flora but still 
supporting a characteristic fauna are considered. 
Whilst it is inadvisable to use the penetration of aquatic 
vegetation as a character,, this penetration is itself limited 
by the penetration of light into the water column. Round 
(1965) suggested that the littoral region of a lake should be 
regarded as extending to the lower limit of the. photic zone. 
Generally the photic depth is regarded as that depth at which 
1% of the incident radiation remains (Verduin, 1956), but 
epipelic algae are present below this depth (Round 1956). It 
would appear then, that the lower limit of the photic zone or 
the depth at which only 1% of the incident radiation remains 
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may be regarded as the lower limit of the littoral region of 
a lake. This statement is not as satisfactory as would appear 
at first sight as the depth of the photic zone varies 
seasonally. The factors controlling the penetration of light 
into the water column have been discussed by several authors 
(Pearsall and Hewitt, 1933; Hutchinson, 1957; Westlake, 1965) 
and as with top water level, the problem of which level to 
accept remains. It would seem likely that it is the depth 
of the photic zone during the first half of the vegetative 
growth season that will control the penetration of aquatic 
vegetation. In temperate regions the growth season is restricted 
to the warmer months of the year as it is dependent upon the 
water temperature. 
Generally the photic depth is similar to that of the 
thermocline, but this is not necessarily true as the depth of 
the thermocline is affected by the morphometry of the lake 
basin and may occur at a shallower depth than the photic depth. 
The severity of the temperature gradient of the thermocline may 
be such that in oligotrophic lakes it will limit the duration 
of the vegetative growth season below the thermocline. This 
will not affect the depth penetration of the vegetation and , 
therefore is of little importance to the consideration of the 
littoral zone. However in eutrophic lakes there is normally 
an oxycline associated with the thermocline. When oxygen 
depletion occurs in the hypolimnion, the water chemistry also 
changes and the severity of the conditions experienced may 
considerably affect the range of the aquatic macrophytes within 
the lake. Again these conditions will only be prevalent during 
the summer months, but when present and at a shallower depth 
than the loy-er limit of the photic zone the thermocline/ 
oxycline will be the parameter that marks the lower extremity 
of the littoral region. 
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The lower limit of the lacustrine littoral region depends 
on two physical parameters that seriously affect the, depth 
penetration of aquatic vegetation. In. formulating a 
definition of the littoral zone the trophic status of the water 
body must be considered and the weaknesses and limitations of 
the various concepts involved borne in mind. The littoral 
zone of natural freshwater lacustrine systems, may arbitrarily 
be defined as that portion of the lake basin that is bounded 
by the mean value of the annual maximum water level as calcul- 
ated for a period in excess of ten years and by the lower 
limit of the photic zone as recorded during the first half of 
the vegetative growth season or the depth of the thermocline 
according to the relative depth of the two parameters 
- 
and the 
trophic status of the water body. In oligotrophic waters 
where oxygen depletion of the hypolimnion is minimal the depth 
of the photic zone is the important factor. In eutrophic 
lakes the oxycline associated with thermocline formation may 
be severe and where this occurs, it will be the shallower of 
these two parameters, the oxycline and the photic depth, that 
will limit the depth of the littoral zone. For the purposes 
of this definition the depth of the photic zone is taken as 
that depth at which only 1% of the incident radiation remains 
(Verduin,, 1956). 
There appears to be little advantage in attempting-to 
further subdivide the littoral into. rigidly defined-zones as 
has been attempted in the past (Thiennemann, 1926; Hutchinson, 
1967; Ruttner, 1962; Clapham, 1973). With the wide range of 
habitats that can occur within the littoral zone, it seems 
best to leave the subdivision of the-littoral region to the 
individual worker, until the physico-chemical parameters 
controlling the distribution of the biota within this region 
are t. understood. The division of the littoral zone on functional 
criteria can be advantageous whilst the erection of specialised 
terminology can only cause unecessary confusion. 
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INTRODUCTION TO THE STUDY AREA 
This study was carried out in the water supply reservoirs 
of the Bristol Waterworks Company. Details of the movement of 
water, within the system have been reported by Bays (1969). 
The general biology of these reservoirs has been reported 
elsewhere (Wilson at alp 1971; in prep a and b), and a more 
detailed survey of the plankton cycles is available (Maxwell, 
in prep). It is, intended here to deal separateeywith three 
aspects of the system studied as background information on 
this account. The general physical features of the various 
lakes will be briefly described (summarised in Table 1). As 
the fluctuations in water levels are of great importance in the 
lakes studied, this aspect is discussed separately, and the 
events recorded in this system are related to other water 
bodies in this country. Finally the distribution of aquatic 
vegetation within the system ist discussed and related to the 
relative development of the littoral zone in the various water 
bodies studied. 
GENERAL FEATURES. 
Chew Valley Lake is the largest lake in the system and is 
also the most recently constructed, being twenty years old 
(Picken, 1957). The lake is highly eutrophic with estimated 
nutrient loadings of 25.26 g. m 
2 
of nitrogen and 2.97 g. m 
2 
of phosphorus calculated for the year 1971 (Wilson et al, in 
prep a). It 
is a very shallow lake (mean depth 4 m), which 
is exposed to the prevailing westerly winds and therefore only 
stratifies thermally in periods of calm weather. The hypo- 
limnion rapidly deoxygenates when stratification occurs and the 
lake has been known to be completely anoxic below three meters 
depth (summer, 1972). The littoral zone is very poorly 
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developed (Fig: 5) with a large portion of the north western 
and north western shores suffering from erosion. Related-to 
the poor macrophyte development is the relatively poor snail 
fauna (Table 2). The number of species present and the 
density of the populations are limited, although there are 
reports of larger populations of Lymnaea stagnalis in the 
early 1960's (Brown, pers. comm. ). 
The other main reservoir of the system is Blagdon Lake, 
which was constructed in 1901. Like Chew Valley Lake it is 
highly eutrophic, with estimated nutrient loadings of 18.4 g. m 
2 
of nitrogen and 1.22 g. m 
2 
phosphorus (Wilson at alp in prep. (a)), 
although it has not yet given rise to any major problems of 
water quality due to algal blooms, as has been the case in Chew 
Valley Lake. . 
(Bays ,,, 1969; Maxwell, in prep). It is very shallow 
with the same mean depth as Chew Valley Lake, and, although 
sheltered from the prevailing westerly winds by its close 
proximity to the Mendip Hills,, still only' stratifies thermally 
during periods of calm weather (Fig. 1). It is only during 
the last few years that the lake has shown any marked tendency 
to become anoxic during these periods of stratification. The 
littoral zone is relatively stable although the macrophyte 
growth is impoverished in emergent and floating leaf forms 
except in the regions of shallow shoreline gradient., where the 
macrophytes show their greatest diversity and development 
(Fig. 4).. The, snail community present in the littoral zone 
is both diverse and abundant (Table 2). whilst the existence 
of a submerged meadow zone gives rise to an abundant if less 
diverse deeper water community. 
At Litton on the Upper River Chew there are. two small 
compensation reservoirs, which were built in the mid-eighteen 
hundreds. The higher of these two reservoirs is the deepest 
of the lakes in this system (maximum depth 15 m) with steeply 
shelving sides (Fig. 6). The macrophyte development is almost 
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Fig. 1. Blagdon Lake - Variations in temperature and oxygen 
with depth for 1971 and 1972. Plotted in relation 
to the water surface. 
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exclusively of Willow Moss (Fontinalis antipyretica). 
The snail fauna at Upper Litton is very abundant, but 
restricted to two species, Lymnaea stagnalis and L. peregra 
(Table 2). 
The Lower Litton Reservoir is the smallest and shallowest 
of the lakes (max. depth 4 meters) and is virtually completely 
lacking in macrophyte growth and snails. This is probably 
attributable to the regular treatment of the water with 
Malachite Green, as a control measure against the ectoparasites 
of the Trout (Brown and Rainbow) that are reared in this lake. 
This treatment also has a depressive effect on the plankton 
(both phyto- and zoo-plankton) (Maxwell, in prep). 
Chew Magna Reservoir lies on the Winf o rd Brook below 
Chew Valley Lake and is used to catch flash runoff from the 
catchment area; as a consequence of this s it is usually 
maintained at a low level and is subject to rapid changes in 
water level. The banks of this water are completely devoid 
of aquatic vegetation and the molluscan fauna is impoverished 
(Table 2). 
The River Chew enters Chew Valley Lake via-Herriots Pool, 
a`shallow body of water (max. depth 2 m) with extensive growths 
of Phragmites communis and Typha latifolia on the southern and 
eastern shores (Fig. 5). The open water of this pool has been 
completely devoid of macrophytes throughout this study and the 
gastropod fauna is impoverished (Table 2). 
Chew Valley Lake and Blagdon Lake are both maintained as 
high class trout fisheries (Carr, 1926; Melvin, 1957; Brown, 
1970) and extensively stocked each spring with 1+ and 2 year 
old trout (approx. 20,000 in Chew Valley and 7,000 in Blagdon 
Blag. Chew Herr. Chew Lower Upper 
Semi-Terrestrial. Val. Pool Mag. Lit. Lit. 
Cochlicopa lubrica - - - 0 -- 
Succinea putris C 0 - C -0 
Zonitoides nitidus C - - - R0 
Aquatics. 
Aplexa hypnorum R R - - -- 
Bithynia tentaculata 0 0 - - R- 
Pota-nopyrgus jenkinsi C 0 - - R- 
Valvata macrostoma R - - - -- 
-V. piscinalis C 0 - - -- 
Lymnaea glabra R - - R -- 
L. palustris R - - - -- 
L. peregra C 0 0 Rý RC 
L. ` stagnalis 0 0 R - 0A 
L. truncatula C 0 0 C -- 
Anisus contortus C - 0 R -- 
A. leucostoma C 0 - - -- 
Gyraulus albus C 0 0 - 00 
G. crista C = - - R0 
G. laevis R - - - -- 
Planorbis acroniscus - - - - R- 
-P1. carinatus 0 - 0 - -- 
Segmentina complanata 0 - V0 - -- 
Number of species 20 10 7 6 86 
Table 2. Distribution and relati ve a bundan ce of gastropod 
. species 
in the six wate r bo dies i nvest igated. 
Abundance was estimated on a five poin t scale s 
A- Abundant, C- Common, 0 - Occ asion al, R- Rare, 
and - not recorded. 
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Lake). Part of Lower Litton Reservoir is used as a trout 
rearing pool, whilst the rest of this water and the Upper 
Litton Reservoir are stocked with larger fish (4-6 lbs). 
Roach (Rutilus rutilus) and Perch (Perca fluviatilus) are 
common in Chew Valley Lake (Wilson, 1971). Roach also occur 
in Herriots Pool, whilst eels (Anguilla anguilla) and stickle- 
backs '(Gastrosteus aculeatus) are thought to occur throughout 
the system. 
These lakes are all eutrophic in character with a high 
calcium content (Table 3) and it is this similarity, in trophic 
status and water chemistry, which makes a study of their 
littoral faunas particularly interesting. These lakes differ 
from natural waters in their irregular and extensive fluctuations 
in water level, and this aspect has received particular attention 
during this study. 
FLUCTUATIONS IN WATER LEVELS 
The pattern of drawdown observed in this system is dependent 
upon the service nature of the reservoir involved. Upper Litton 
Reservoir is a compensation reservoir and is used to maintain 
the flow of the River Chew throughout the year. Its level is 
directly related to rainfall in the catchment area (Fig: 23) and 
the water reaches top level every winter. The lowest lake 
level is associated with the low summer rainfall and occurs 
in October each year. The water level normally declines 
steadily with a marked lack of short term fluctuations. The 
pattern of events is consistent from year to year. 
Lower Litton Reservoir is used as a trout rearing pond and 
is maintained at a constant level throughout the year. The 
level is lowered for a few days each spring to facilitate the 
removal of the fish. 
Chew Valley Lake 
1970 1971 1972 
Total solids 276. . 
274" 281. 
Suspended solids 18.15.17. 






































1970 1971 1972 
259. 260. 256. 
10. 6. 11. 
5.0 3.0 9.0 
158. 156. 148. 
202. 200. 200. 
1.8 1.5 1.3 
0.19 0.17 o. 26 
20. 19. 19. 
5.2 4.4 4.3 
38.5 42.6 47.4 
6.7 6.8 9.0 
2.7 3.2 3.2 
0.09 0.08 0.06 
0.06 0.07 0.03 
8.0 8.2 8.3 
Table 3. Summary of chemical data for Chew Valley and Blagdon 
Lakes for the period 1970-1972. All figures 
are calculated as a mean value for the year and 
with the exception of pH , all figures are given 
as mg/l. (Data reproduced here by kind permission 
of the Bristol Waterworks Company. ) 
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Chew Magna Reservoir is used as a flash catchment and 
water in this lake only approaches top level immediately after 
heavy rains. The level is kept low by the pumping of water 
to Chew Valley Lake. 
The two main lakes of this system are supply reservoirs 
and also maintain the flow of their respective rivers through- 
out the year. The volumes abstracted from these reservoirs 
varies with the season and indeed with the day of the week: 
causing the water level to fluctuate irregularly. Their close 
proximity and the topographical similarity of their catchment 
areas, when linked with the practice of mixing the water 
abstracted from these lakes, means that an almost identical 
pattern of water levels is maintained. The cycle is seasonal 
and similar to that observed for Upper Litton Reservoir; the 
lowest level occurring in the early autumn and the highest levels 
in the winter. The levels actually experienced in any one year 
will be related to the rainfall of the previous 18 months. In 
the three years 1970-1972 these lakes both reached top water 
level for a short period each winter (Fig. 9) but in the winter 
1972/73 these lakes reached a maximum level of only 1.4 m below 
top water level (b, t. w. l. ). 
This annual pattern of water level with the minimum level 
occurring in the-late summer or early autumn and a maximum level 
during the winter, is similar to that described for most bodies 
of water in this country (Table 4, also Oliver, 1948; Gill and 
Bradshaw, 1971). Macan'(1970) regards the pattern described 
for Lake Windermere as typical for the Lake District; apart from 
those lakes that have been converted into reservoirs. It is 
interesting to note that since the construction of new sluices 
in 1955, Llyn Tegid has ceased to conform to this pattern 
(Dunn, 1961; Hynes, 1961; Hunt, 1970; 1972d) and now remains at 
a low level throughout the winter, only reaching a high level in 
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the spring. This pattern has been described for several of 
the upland reservoirs of North Wales, (Table 4, also Clywedog 
and Tryweryn Reservoirs, Gill and Bradshaw, 1971). The low 
winter level is maintained as an aid to flood control in these 
areas. 
With the exception of extreme low levels associated with 
engineering operations, the range of 7.3 m in water level 
experienced at Upper Litton Reservoir is the largest recorded 
for this country (Table 4; Gill and Bradshaw, 1971). 
Uliswater, a natural lake, has a range of water levels of 1.9 
meters (Gill and Bradshaw, 1971) and Macan (1970) quote a 
similar range for Lake Windermere. This range appears to be 
consistent for all the unregulated water bodies of the Lake 
District (Y&ll, 1895; Macan, 1970). In this country a range 
of approximately two meters is the maximum that an unregulated 
lake is liable to experience. It is interesting to note that 
Malharn Tarn, a natural upland water has an annual range of only 
0.15 meters, whilst it is almost identical in surface area to 
Upper Litton Reservoir (Table 4). 
The regulated water bodies of Scandinavia have received con- 
siderable attention (Stube, 1958; Grimass 1961; 1962; 1964; 1965 
a and b; Nilsson, 1964; Okland, 1964; Runnstrom, 1964) and the 
range of water levels experienced may be as great as 23 meters 
(Grimes, 1964). With the exception of Lake Borrevann (Okland,, 
1964) all the Scandinavian lakes so far studied reach maximum 
drawdown during the winter months (Table 5) thus exposing the 
shores to severe erosion. Lake Borrevann has a similar 
pattern to the majority of English lakes; with a low summer/ 
autumn level and a high level throughout the winter months. 
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Another type of reservoir is becoming increasingly common 
and this is the pumped storage reservoir, a typical example 
being Grafham Water (Saxton, 1969). These reservoirs may be 
flooded valleys or totally artificial with an enclosing bank 
around the greater part of the circumference. Generally the 
water level in these reservoirs remains reasonably steady with 
little seasonal variation as the level is maintained by pumping 
from others lakes and/or rivers. This type of reservoir is 
not present in the system studied. 
The pattern of water levels experienced by both regulated 
and unregulated waters may be divided into five categories. 
(1) Unregulated lakes and compensation reservoirs. 
In these the level is dependent on the rainfall of the previous 
few months. The change in levels is regular and consistent. 
The maximum range for unregulated waters is about 2 meters, 
whilst in regulated waters it may be as great at 7.3 meters. 
The lowest level occurs in late summer or early autumn and the 
highest level is reached in mid-winter. 
(2) Water supply reservoirs. 
These have a pattern of drawdown similar to that of the 
previous group., however changes in level are more erratic and 
the lake level is dependent upon the rainfall of the preceding 
18 months. 
(3) Water supply reservoirs utilized for flood control. 
These reservoirs are maintained at a low level throughout the 
winter, only reaching top water level in the spring. The water 
level again declines throughout the summer. The long period of 
exposure of the top shore may aid its colonisation by terres- 
trial forms (Gill and Bradshaw, 1971) eg. Llyn Tegid and Llyn 
Celyn. 
o. ___.. 
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(4) Plashwater Reservoirs. 
These are maintained at a low level throughout the year and 
are used to augment the size of the catchment area of a water 
supply reservoir,, e. g. Chew Magna. 
(5) Pumped storage reservoirs. 
The inflow of these reservoirs is normally completely artificial, 
with water being pumped in from other lakes and/or reservoirs. 
The water level can be completely controlled by the rate of 
input and abstraction, e. g. Grafham Water. 
MACROPHYTE DEVELOPMENT. 
The typical succession of littoral macrophytes (Ruttner, 
1962; Spence, 1964; 1967; Sculthorpe, 1967) is demonstrated 
diagrammatically in Fig: 2. Highest on the shore is a zone 
of emergent plants such as Phragmites communis. The lower 
margin of the emergent zone gives way to a zone of floating 
leaf forms eg. Potamogeton natans and Polygonum amphibium. 
Below this is a zone of submerged vegetation, which may be 
subdivided into an upper zone of vascular plants, such as 
Isoetes, Ceratophyllum and most Potamogeton species, and a 
lower zone of submerged meadows. These submerged meadows 
may be formed by growths of one or more species of the Characaea 
and/or bryophytes such as Fontinalis antipyretics. A zone of 
free floating forms eg. Lemna and Utricularia may also be 
present, but appears to be completely absent from the waters 
included in this study. This is probably due to the lack of 
sufficiently sheltered conditions in these lakes, as the bays 
suitable for colonisation almost cease to exist after a fall 
in water level. 
Syllsed Shore Succession, 
Sheltered Short 
Wet Read fontinelle Polygonum 
Meadow Zone 









Fig. 2. Stylised diagrams of shore profiles with their 
associated growths of macrophytes. 
Reed Fleatlnj Submerged 
Zone Lest Plants 
jjpesed Share 
I 
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The nearest approach to this "typical condition" observed 
during this study was the macrophyte community studied ýin - 
Blagdon Lake in 1971. The full development of this succession 
is dependent upon the existence of sheltered shallow water 
conditions. Such conditions are found, in Rugmoor Bay and 
also on the southern shore near the dam (Fig. 4). These 
sheltered conditions grade away to exposed erosional areas 
on both shores (Fig.. 4). Even on these exposed shores a 
submerged meadow of Chera sp: is present extending down to a 
depth of approximately 3.8 meters b. t. w. l., from a depth of 
approximately 2.0 meters (Fig. 2). Above this there is usually 
a wave cut platform, the backing "cliff" of which may be up to 
2 meters high. Below the Chara a band of Potamogeton 
pectinatus occurs. 
In sheltered areas of Blagdon Lake'-the top shore typically 
has a band of reeds or emergent vegetation (Fig. 20). In 
Rugmoor Bay this is dominated by Phalaris arundinacea,, -whilst 
Phragmites co mmunis and Juncus spp. may dominate in other parts 
of the lake. Below this there is a bed of Fontinalis 
antipyretica extending to a depth of approximately 2 meters 
b. t. w. l. In Rugmoor Bay this stand contains only a small 
proportion of other species but in other parts of the lake 
Equisetum fluviatile, Nippuris vulgaris and Polygonum amphibium 
are common. It is possible that the greater exposure of 
Rugmoor Bay to wave action is responsible for the domination 
of Fontinalis. Below the FOntinalis there is a submerged 
meadow of Chara extending to a depth of approximately 3.5 m 
b. t. w. l. As in the exposed areas, below the Chara-there is 
a band of P: pectinatus the lower limit of which coincides with 
the thermocline at a depth of 4.5 m b. t. w. l. The upper limit 
of the Chara coincides with the mean low water level as calcul- 
ated for the period 1958-1972 (Fig. 2). 






E rod. d 
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Fig. 3. Stylised diagrams of shore profiles with their 
associated growths of macrophyt es. 
Juncus fontingllt 
I-.: 
- 21 - 
"The yo}ith of Chew Valley Lake may explain the limited 
development of aquatic vegetation in this lake. The northern 
portion of this lake has an erosional shoreline (Fig. 5) and 
is devoid of aquatic vegetation. The shore in this region 
characteristically has two wave cut platforms (Fig. 3); one 
associated with top water level and the other with the mean 
low water level as calculated for the period 1958-1972. On 
more sheltered shores there is a limited amount of macrophyte 
growth. Locally stands of Phragmites communis and Typha 
latifolia occur on the top shore, the former covering a large 
area in the south eastern corner of the lake (Fig. 5). 
Inspection of the l wer margin of this area at low water in 
November 1972 showed areas of bare rhizomes and it may be that 
these beds are receding. A similar recession has been observed 
in Loch Leven (Britten, in press). Polygonum amphibium forms 
a narrow band extending along most of the southern shore (Fig. 5). 
Associated with the Polygonum are localised growths of 
Hipputis vulgeris. In 1971 and 1973 beds of P: pectinatus 
occurred in the depth range ca 3-5mb. t. w. l., along the 
southern and eastern shores and also in areas of shallow water 
in the centre of the lake. This growth of P. pectinatus did not 
occur off the eroded shores as was the case in Blagdon Lake. 
This may be due to the eraion, being more severe in Chew or to 
the steeper gradient of the shore in the exposed areas of Chew 
Valley Lake (Figs. 4 and 5). 
P. pectinatus has only occurred for two of the three years 
of this study and there are no reliable reports of this species 
having occurred previously in these lakes. Rhizomes were not 
observed in either lake during the benthic surveys conducted 
in 1970 and 1971 or during the monitoring of a population of 
Anodonta cygnaea in Blagdon Lake (Milner pers. comm. ). 
P. pectinatus occurred extensively in both lakes in 1971 and 1973 
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Fig. 5. Chew Valley Lake - Contour map (2.5 m intervals ) 
including vegetation as recorded in July , 1971. 
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Fig. 6. Upper Litton Reservoir - Contour map (2.5 m intervals) . 
The significant areas of aquatic vegetation are 
indicated. 
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(3 -5b. t. w. j. ). This occurrence seems to be associated 
with an early fall in water level (Pig. 9) and it 
would appear 
that a slight reduction in lake level in the early summer 
enables this species to develop in a region not normally 
included in the photic zone during the growth season, but 
before the level has dropped far enough for this region to' 
be affected by wave action. 
The major differences between the macrophytes of Chew 
Valley and Blagdon Lakes is the complete absence of any 
submerged meadows of either Fontinalis or Chara spp. from 
Chew Valley Lake. This absence may be due to the age of 
the lake, but the greater exposure of Chew to the prevailing 
south westerly winds is probably important. This exposure 
gives rise to more severe erosion with an associated higher 
turbidity, limiting the penetration of light into the water. 
The more turbulent nature of Chew may lead to a different 
distribution of the sediments, with the sediments suitable 
for colonisation of macrophytes occurring below the mean low 
water level. A redistribution of sediments has been recorded 
in Llyn Tegid since the increase in water level fluctuations 
brought about by the completion of new sluices in 1955 (Hynes, 
1961; Hunt, 1970; Hunt and Jones, 1972 d). This effect would 
limit the growth of rooted submerged macrophytes to a band 
between the thermocline at the lower extremity and the mean - 
low water level at the upper. The thermocline usually occurs 
at a depth of approximately 5 meters 'whilst mean low water level 
calculated for the period 1958-1972 is 2.5 m b. t. w. l., this is 
higher than the upper limit observed for P: pectinatus. The 
lake has receded below this depth for seven periods since 1958 
and three times since 1970. The mean low water level for the 
past four years (1969-1972) is 3.1 m b. t. w. 4., which matches 
well with the upper limit of the P. pectinatus. Another 
rý23- 
factor that may be important in limiting the colonisation of 
macrophytes is the presence of a large population of water 
fowl. Grazing during periods of drawdown may have a consid- 
erable effect on the ability of plants to colonise and again 
the lower limit of this grazing will be determined by the mean 
low water level of recent years. 
The flora of Upper Litton reservoir is very restricted and 
in the deeper portion of the lake consists completely of 
F. antipyretica (Fig. 6). This plant penetrates to a depth 
of 7 meters as isolated plants with complete coverage extending 
toa depth of approximately 5mb. t. w. l. Fontinalis does not 
occur in the shallow area of the lake near the inflow. Across 
the dam face and in the shallow areas bordering the River Chew 
inflow Juncus conglomeratus occurs to a maximum depth of 
1.0 m b. t. w. 
,,. 
Ranunculus aquatilis and Iris psec«lacorus 
have been found as isolated plants. The restriction of the 
submerged flora of this lake to Fontinalis is assumed to be 
related to the water level fluctuations experienced its this 
lake. * The presence of this species on the upper shore of 
Rugmoor Bay is indicative of its ability to tolerate exposure 
and-this ability will be even more important where the range of 
water level is almost double that experienced at Blagdon Lake. 
The penetration of this species down the shore may also be 
linked with the range of water level fluctuations; as this will 
extend the photic-zone further b. t. w. l., during the vegetative 
growth season. 
The aquatic flora of the other water bodies of this system are 
more restricted. Chew Magna Reservoir is devoid of any truly 
aquatic vegetation, a fact largely attributable to the extent 
and frequency of, the water level fluctuations experienced by this 
reservoir: 
- 24 - 
Herriots Pool is very poor in aquatic vegetation in spite 
of the constant water level. This water has been devoid of 
submerged or floating leaf forms throughout the period of this 
study. Most of the shoreline is bordered by a growth of 
Phragmites communis (Fig. 5). There are also four small 
stands of Typhe latifolia; one associated with each corner of 
the pool. The lack of any submerged vegetation may be due to 
the turbidity of this water (Surber, 1953; Owens and Edwards, 
1964) as it is open to the prevailing westerly winds and also 
receives the turbid inflow of the River Chew during periods of 
rainfall. This pool acts as a sediment trap for the River 
Chew and has an appreciable effect upon the nutrient loading 
of the water passing through to the main lake (Wilson et al, 
1971). Another factor that may be preventing the development 
of submerged vegetation is the heavy metal content of the 
sediments (Table 6), especially the zinc content. The high 
level of zinc and lead in the sediments of the River Chew 
below the inflow of the East Harptree Brook is associated with 
the presence of an old lead mining works above East Harptree 
village. The high levels in the sediments of both Upper Litton 
Reservoir and Herriots Pool reflects the sediment trapping 
ability of these waters and the lead mining history of the 
Mendip catchment area of the River Chew. 
Lower Litton Reservoir was devoid of aquatic vegetation 
throughout the first two years of this study. This was 
attributed to the dosing of the water with Malachite Green 
as a treatment for ectoparasites and fungal diseases of the 
trout reared in this lake. This chemical has a depressive 
effect upon the phyto- and zoo- plankton of this lake 
(Maxwell, in prep) and was assumed to have a similar effect 
upon macrophytes. This assumption was confirmed in 1973 when 
a change in fisheries practice led to the withdrawal of this 
- 25 - 
chemical from usage. In May, 1973 this lake supported an 
extensive growth of Potamogeton pectinatus below a depth of 1 in. 
The submerged vegetation of these lakes is dominated by 
F. antipyretics, P: pectinatus and Chars spp. and these are 
described as ubiquitous or calcicole in distribution (Spence, 
1964; 1967; Sculthorpe, 1967). The waters of these lakes are 
very rich, with a high calcium content (Table 3) and precipit- 
ation of calcium carbonate has been observed in the three lakes 
on which attention has been concentrated throughout this study. 
P. pectinatus appears to be expanding, while the status of the 
other species is less certain. The future status of any of 
these species will be dependent upon the rate at which the 
eutrophic status of these waters continues to increase, as well 
as the water levels experienced in the next few years. 
The flora of these lakes has certain features in common 
with that of Loch Leven (Morgan, 1970; Jupp et al, in press). 
The most notable of these is the expanding condition of 
P. pectinatus in all these waters and the contraction of the 
'hragmites. Loch Leven used to have an extensive submerged 
meadow of Chars asperse and this is now declining and being 
replaced by Nitella opaca. An examination of the earlier 
records shows that F: antipyretica has only appeared in recent 
years and at present does not form an important part of the 
flora of Loch Leven. These changes appear to be associated 
with the increasing eutrolphy of Loch Level (Nbrgan, 1970; in 
press). The occurrence of blooms of blue-green algae in Chew, 
Blagdon and Upper Litton Reservoirs in recent years (Bays, 1969; 
Maxwell, in prep) indicates that it is unwise to assume the 
flora of any of these lakes to be in a stable state, as changes 
in the species composition and distribution of macrophytes in 
these lakes are liable to occur as they increase in eutrophy. 
Locality Man(,. nese Copper C^dmittm Zinc Le ,d 
Bla, Crdon Lake 917 40 8 448 422 
Chew Valley Lake- 
North 955 
South 1155 
Herriotts Pool 435 
River Chew 
Below East Harptree 
Inflow 442 
Above East HIc, rptree 
Inflow 670 
Lower Litton Reservoir 780 
Upper Litton Reservoir 375 
49 6 367 222 
77 8 500 275 
26 20 1762 625 
26 8 2092 658 
29 7 845 290 
26 27, nn 1. i; 
56 8 1045 760 
Table 6. Summary of the results of a survey of the heavy 
metal concentrations (in p. p, m. ) prepent in the 
sediments of the system. Each figure is a mean 
value derived froh the analysis of four samples. 
(Reproduced here by kind permission of 
Dr. C. R. Bovden , Applied Geochemical 
Research 
Group, Imperial College, University; of London. ) 
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It also seems unlikely that the flora of Chew Valley Lake, 
which at present experiences the most severe blooms (Maxwell,, 
in prep), will ever approach the type of macrophyte succession 
at present existing in Blagdon Lake. 
The distribution of aquatic macrophytes is well documented 
for the English Lake District (Pearsall, 1917; 1918 a and b; 
1920; 1921; Misra, 1928; Tansley, 1929; Macan, 1970) and for 
the freshwater lochs of Scotland (West, 1905; 1910 a and b; 
Tansley, 1929; Spence, 1964; 1967). The lakes and reservoirs 
of Wales have also received attention (Dunn, 1961; Hunt, 1970; 
Seddon, 1964; 1971). The major features of the better documented 
lakes of these regions have been summarised in Table 4. It is 
notable that the studies so far reported include very few detailed 
studies of eutrophic waters. The best examples in the literature 
are Loch Leven (Morgan, 1970; in press) and Esthwaite (Pearsall, 
1921; Macan, 1970). Lake Windermere is another well documented 
example but at present does not experience anoxia of the hypo- 
limnion (F. B. A., 1972) and cannot be considered to have reached 
such an advanced state of eutrophy as Esthwaite, Loch Leven and 
the lakes included in this study. The flora of the Shropshire 
Meres and the Norfolk Broads have also received attention as 
have the phyoplankton of several eutrophic reservoirs. These 
studies are limited in scope and these waters have not been 
included in Table 4 for this reason. 
The more important factors affecting the colonisation of 
oligotrophic waters appear to be temperature, depth of the photic 
zone, substrate type and the extent and energy of the wave 
action on the shore. The productivity of any water is governed 
by water chemistry, with calcium having an effect on the species 
composition of the macrophyte community (Spence, 1964; 1967; 
Sculthorpe, 1967). It would seem that all other factors being 
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favourable, the depth of the photic zone is the overiding 
condition controlling the penetration of aquatic vegetation 
into the depths of a lake. Vascular plants are restricted 
to the top six meters of the water column by the effect of the 
increasing pressure on their physiology (Gesner, 1952; Ferling, 1957; 
Ruttner, 1963; Sculthorpe, 1967). Below this depth those plants 
without a gas-filled intercellular system, such as the 
Characeae 
and the aquatic bryophytes, penetrate to the limit of the photic 
zone. Fontinalis has been recorded at a depth of 20 meters in 
Crystal Lake, Wisconsin (Fassett 1930), while West (1910a) 
recorded a carpet of F: antipyretica extending to a depth of 
12 m in Loch Baff le a Ghobhainn in Scotland. 
In eutrophic waters the lower limit of the vegetation can 
be limited by the poor conditions occurring below the thermocline. 
In conditions of advanced eutrophy the presence of dense algal 
blooms may cause a decrease in the photic zone and raise the 
lower limit of the submerged vegetation to above the depth of 
the thermocline. The distribution of the vegetation in Chew 
Valley and Blagdon Lakes suggests, that this effect may be 
counteracted by changes in water level. The depth penetration 
of the vegetation in Upper Litton Reservoir is increased by the 
changes in water level experienced, the slow fall in water level 
during the growth season enabling growth at a greater depth 
below top water level than would be expected. 
In Scandinavia, the large range of water levels experienced 
by regulated waters, leads to a complete lack of vegetation, a 
fact that may be attributed to the severe climatic conditions 
experienced during the period of drawdown (Table 5). It is 
possible that water level fluctuations of a similar amplitude 
would have a less drastic effect in this country as the climate 
is milder and the pattern of drawdown dissimilar. 
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CHOICE OF SAMPLING SITES 
At the start of this study the only information available 
on the littoral fauna of these lakes was that gathered by 
Dr. R. S. Wilson in 1966 and 1967. This data was collected 
in late September of both years and took the form of general 
handnet surveys. The 1966 survey was restricted to Chew Valley 
Lake, whilst the following year's work covered all the waters in 
the system. These early studies highlighted some interesting 
differences in the littoral faunas of the various lakes. This 
was further investigated in March 1971, when the co-operation of 
a group of undergraduate volunteers, working under my supervision, 
enabled the littoral zone of all the lakes to be sampled within 
a single period of ,¬ 'our 
days. Chew Valley Lake was not 
included in this survey because exploratory sampling throughout 
the previous few months had failed to find a significant 
littoral 
fauna. This sampling programme was based on timed net 
collections of two minutes duration, taken at intervals around 
the shore, whilst the lakes were at top water level. All the 
samples taken in March, 1971 were preserved with formalin in 
the field and were washed through a 20 mesh sieve in the 
labor- 
atory before sorting by hand. 
The results of the two early collections and the 
faunal 
analysis of the 1971 collections have been reported elsewhere 
(Wilson et alp 1971). However, the detailed results for the 
distribution and abundance of gastropod species through the 
system are given in Tables 7 and 8. Table 2 gives the complete 
list of the species recorded in the system during the course of 
this study with the abundance of each species being indicated 
on a five point scale. The records for Chew Valley Lake are 
largely based on the early surveys conducted by Dr. Wilson, 
whilst the data for all other waters is drawn from the survey 
Herriotts Chew Lower Upper Blagdon 
P ool Magna Litton Litton 
Cochlicopa lubrica - P - - 
Succinea putris - 9.0 - - 
5.0 
Zonitoides nitidus - - 
P 1.2 5.2 
Bithynia tentaculata - - P - 
Potamöpyrgus jenkinsi - 12.0 - ' 
P 
Valvatapiscinalis - P 
P 
Lymnaea glabra - P - - 
L. palustris - - - - 
P 
L. peregr, a 2.5 P P 
65.0 12.0 
L. '- stagnalis P - 0.5 8.2 
8.5 
L. truncatu1a P 7.5 - - 
1.0 
Anisus contortus 0.5 P - - 
P 
A. leucostoma - - - - 
3.8 
Gyraulus albus 3.2 - 2.0 - 
P 
G. crista - - - 0.5 2.7 
Planorbis acroniscus - - 
1.0 - -' 
Segmentina complanata 1.0 - - - - 
Mean Number per 
2 minute net %. 7. Q 29.5 4.4 74.7 39.2 
collection. 
Table 7. Summary of data gathered during the Easter survey, 
1971, presented as the mean number of each species 
per 2 minute net collection for each water body. 
Area of shore 1 2 3 4 5 6 7 8 9 10 11 
L. peregra + 2 + 4 6 60 35 1 7 9 12 
L. st agnali s 2 10 2 5 4 24 15 12 3 7 10 
L. truncatula - + 1 - 6 1 1 + 1 2 + 
L. palustris - - + - - 1 1 - - - - 
A. contortus + - - + - - + - + - 
A. leucostoma + + + 1 7 6 15 3 - 3 7 
G. albus - I + + + + + - + + - 
G. crista - + - + 3 4 21 1 + 1 
Pot. jenkinsi + - - - - - - 1 - - - 
V. piscinalis - - - + - - - - - - - 
Zonitoides spp. 5 6 1 1 1 2 4 9 8 17 4 
Succinea spp. 10 4 1 4 3 3 5 12 9 2 2 
No. sppo present 7 8 8 9 8 9 10 8 7 8 7 
0 
Table 8. Blagdon Lake. Data from the littoral survey conducted 
in March, 1971, represented as mean number occuring in 
a hand net collection of two minutes duration. 
The areas of shore are marked in Fig. 4; area 7 
being Rugmoor Bay. + indicates a presence of less 
than one individual per two minute sample. 
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conducted in March 1971. All these lists are supplemented 
by the results of subsequent irregular sampling on all waters 
with general net collections and the results, of the routine 
sampling on Blagdon Lake and Upper Litton Reservoir (see 
below). 
The varied and abundant gastropod community of Blagdon 
Lake made it an obvious choice for a study. A routine sampling 
programme was decided upon to determine the normal development 
of a gastropod community in a mature reservoir with a limited 
range of water level fluctuations. The survey of March 1971 
showed that the greatest diversity and also the greatest 
densities occurred on the north shore of the lake in the region 
of Rugmoor Bay (Table 8 and Fig. 4). The shore here is readily 
accessible from the road, whilst still lying in the reservoir 
enclosure. The bay itself has ,a shallow and relatively even 
gradient (Fig. 8) with a substantial growth of aquatic veget- 
ation showing the succession from emergent forms through 
floating leaf forms to a submerged meadow zone (Fig. 8). 
A good contrast with the study area of Rugmoor Bay was 
provided by Upper Litton Reservoir, where an abundant but very 
restricted gastropod fauna exists. The March 1971 survey 
showed that the community here was dominated by large numbers 
of Lymnaea peregra, with L. stagnalis also present around the 
whole lake. Subsequent visits showed this to be an inaccurate 
picture of the situation, as it became evident that normally 
L. stagnalis is the dominant species, with densities reaching 
several thousand per square meter. The abnormal picture pre- 
sented by the March 1971 survey was probably due to the lake 
being at top level and the steep nature of the bank allowing 
the top half meter only to be effectively sampled by a hand net. 
J, 
/ 
- 30 - 
The unusual dominance of the snail community by the 
lymnaeids, coupled with the very steep gradient of the lake 
sides, as well as the extensive range of water level fluc- 
tuations experienced by this lake, make a comparison of the 
gastropod community of this lake with that of Blagdon Lake 
particularly interesting. Theseo lakes provide an excellent 
opportunity to study the effects of shore gradient, macrophyte 
growth and water level fluctuations on gastropod communities 
experiencing similar eutrophic and climatic conditions. 
Routine sampling was not carried out on the other lakes 
of the system as the low densities of the gastropod communities 
would have made this too time consuming. However occasional 
visits were made to all lakes in the system and this provided 
useful information when considered in conjunction with the 
results of the routine sampling at Blagdon Lake and Upper 
Litton Reservoir. 
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BLAGDON LAKE - RUGMOOR BAY 
DESCRIPTION OF THE SAMPLING STATION. 
Rugmoor Bay lies on the north side of Blagdon Lake 
(Map. ref. ST 524595) and opens to the north west, the south 
side of the bay being formed by a spit of land that is submerged 
at top water levels by 0.5 -1 meters of water. The bay is 
effectively divided into two halves by an old raised farm 
track, which was flooded when the lake was formed (Fig. 7). 
The eastern portion is shallow with a maximum depth of 2.2 
meters at t. w. l. and is characterised by a dense marginal 
growth of Reed Grass (Phalaris arundinacea L. ) with a solid 
mat of Willow Moss (Fontinalis antipyretics L. ) covering the 
central area. Localised patches of Amphibious Bistort 
(Polygonum amphibium L. ) occur at the lower margin of the Reed 
Grass. The western portion of the Bay opens directly into the 
main lake and it was this part of the bay that was used for 
this study. Further west, along the north shore, the side 
of the lake is exposed to wave action and suffers from varying 
degrees of erosion. However, in Rugmoor Bay conditions are 
more sheltered, the inside of the Bay only receives direct 
wave action under the influence of west-northwesterly winds. 
These sheltered conditions have enabled the establishment of 
an extensive growth of littoral vegetation. 
The results of a shore transect are given in Table 9 and 
in Fig. 8. This transect was made in July 1972 when the water 
level w; as 1.0 meters below top leve. Further measurements were 
made along the same line in October 1972, when the lake level 
was 3.7 in. below top water level (b. t. w. l. ), to extend the 
transect across the whole Bay. For this transect a surveyors 
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Fig. 7. Rugmoor Bay - Diagrammatic map with 1 meter contour 
lines. The distribution of the dominant vegetation 
is indicated, " as recordee in July 9 1972. 
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level was used to measure vertical and horizontal distances 
to enable the construction of a shore profile. In July 1972 
plant cover was measured on a percentage basis using 
2 meter 
square quadrats. The results are given for the transect from 
just above top water level (t. w. l. ) to the stream which runs 
down the centre of the bay at low lake levels 
(Table 9). 
The transect divided the shore into three vegetational 
zones; the top shore was dominated by Phalaris arundinecea L. 
(Reed Grass), which gave way lower down the shore to a wide 
zone of Fontinalis antypyetica L. (Willow Moss), which in 
turn was succeeded by a zone of Chars spp. (Stonewort), that 
covered the bottom of the Bay apart from the stream bed,, which 
was largely exposed gravel. 
Above the Reed Grass there was a band of terrestrial forms 
mixed with Rumex hydrolaphatum Hudson (Great Water 
Dock) and 
Myosotis scorpiodes L. (Water Forget-me-not) and 
Reed Grass. 
At t. w. l. this region is flooded, the water covering a completely 
terrestrial flora at its upper-most extremity. Below the Reed 
Grass there is a submerged meadow zone I the upper region of which 
is dominated by Fontinalis and the lower region by Chara spp. 
The Fontinalis zone characteristically contains several emergent 
rooted forms. This is probably due to the water level slowly 
lowering from mid-May onwards so that in years such as 1971 when 
the lake had reached top water level during the previous winter, 
these emergent forms were able to develop to maturity before 
being stranded by the dropping water level. The lower margin 
of the Fontinalis zone is marked by a narrow band of Hippuris 
vulgaris L. (Amphibious (Mares-tail), and Polygonum amphibium L. 
Bistort) below which Chara spp. and Cladophora are the only 
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substrate, but they are severely affected by both wave action 
and exposure, the former causing the Chara to break up and be 
washed ashore, where it rapidly decays, as is the case when it 
is exposed by a fall in water level. In 1971 and 1973 
Potamogeton pectinatus occurred extensively below the Chara 
bed but did not extend into the bay (Fig. 4). 
In early August of each year the grass of the reservoir 
and enclosure and the vegetation of the exposed top shore are 
cut. The grass is used for hey and the emergent vegetation 
raked into piles and burnt. Apart from the burnt patches 
the exposed Fontinalis survives well, for on removal of water 
this plant collapses flat. At the bottom edge of the 
Fontinalis zone there is an erosional step of some 35 centi- 
meters height. The lack of erosion above this point on the 
shore is almost certainly due to the complete cover of rooted 
macrophytes. 
As the transect was taken at the end of an eighteen 
month period of only small water level fluctuations, the 
littoral vegetation described is probably approaching its 
greatest development from this lake. It will be interesting 
to see how the vegetation recovers from its long exposure when 
finally reimmersed, as it has now been exposed since August 
1972 and cannot be expected to be reimmersed until the winter 
of 1973 at the earliest, a period of some fifteen months during 
which time it has been subject not cnly to lack of water but also 
to mowing and burning. At present the vegetation of the Bay 
is restricted to Chara spp. below the water line and above the 
water line to small terrestrial forms although the Fontinalis 
recovers if a section of exposed substrate is placed in water. 
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WATER LEVEL FLUCTUATIONS. 
Daily recordings of water level are made by Bristol 
Waterworks Company, all recordings being made in meters 
below top water level (b. t. w. l. ). The changes in water 
level follow an annual cycle. At the start of the year 
the lake is at its highest level (not necessarily top water 
level). In the early spring the level starts to fall but the 
rate does not become appreciable until June, after which the 
level falls throughout the summer to reach its lowest level 
in October. During the autumn the lake returns to a high 
level. 
The mean water level for each month has been plotted 
for the period January 1970 to June 1973 (Fig. 9). The mean 
monthly level calculated for the last sixteen years (1957- 
1972), has also been included in Fig. 9. The mean low water 
level is 2.3m b. t. w. l., for this period and this has only 
been exceeded six times in the last sixteen years (1959,1961, 
1962,1964,1970 and 1972). 1964 was an exceptional year 
when the lake level fell to a record 5.4 m b. t. w. l. 
In June of this year (11973) the level had reached 2.7 m 
b. t. w. l. and the lowest level that can be expected this year 
may be as severe as that of 1964. The 1972/73 winter was the 
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ROUTINE SAMPLING 
M: >nthly samples were taken in order to establish an 
understanding of the changes occurring in the gastropod 
community throughout the year and the extent to which these 
events are affected by fluctuations of water level. The 
shallow shore gradient (an elevation of 3.7 m over a horizon- 
tal-distance of 200 m) means that the seasonal variation in 
water level exposes large areas of substrate of a very varied 
nature (from emergent vegetation to bare mud). The time 
required for field work and sorting field samples made it 
impractical to undertake an adequate shore transect each 
month. It was decided to sample in a fixed depth of water 
each month, so that the sampling station would move down the 
shore in advance of the waters edge, thereby monitoring the 
snail community prior to its exposure by the continuing fall. 
When the level was rising the station moved up the shore behind 
the waters edge, thus monitoring the community soon after an 
area of shore was re-immersed. 
The choice of sampling technique to be employed was affected 
by7 the range of substrates to be sampled. Various methods for 
sampling the fauna of aquatic vegetation have been described 
(Gerking, 1956; Hairston et alp 1958; Garnett and Hunt, 1965; 
Mackie and Q, adri, 1972; Korinkova, 1971) 2 but few of these are 
suitable for use on bare mud substrates. The need for sampling 
on bare mud also meant that for comparative purposes bottom 
material should be included in the samples taken from the 
macrophytes growths. The shallow water depth and the low 
shore gradient meant that it was possible to use a method 
involving direct manual operation. It was decided that a box 
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should be used to enclose a standard water column. This 
box should also be fitted with sharpened metal jaws that could 
be forcibly shut enclosing bottom material 4Plate 1). A box 
grab was constructed with a box height of 30 cm. and a cross 
sectional area of 0.05 m2. The jaws were closed manually 
with a chopping action. The box was firmly pressed into the 
substrate with its jaws wide open. The jaws were cleared of 
vegetation and obstructions before being closed. 
Excess water 
was removed from the sample through a twenty mesh to 
the inch 
screen set into the side of the box. The box grab was emptied 
into a polythene bag, which was left open and removed to the 
laboratory. On arrival in the laboratory the fresh samples were 
washed through a 20 mesh sieve. All vegetation was carefully 
washed under a jet of water before being discarded. 
The remaining 
plant debris, mud and detritus was then sorted by hand. 
All the 
live snails were removed and preserved in 70% alcohol. 
On four 
occasions all the discarded material was retained and carefully 
sorted a second time in order to determine the accuracy of 
this 
sorting procedure. On each occasion the numbers retained on 
the second sorting amounted to less than 4% of the total numbers 
taken. 
In July 1971 ten grab samples and two one minute net collections 
were taken from the same depth of water. The species composition 
of these samples is given in Table 10$ both as number per sample 
and as percentage species composition. Using random numbers 
five groups of five samples were drawn from these grab samples 
and the species composition calculated (Table 11). These series 
of five samples yield more consistent results than was suggested 
by the work of Kajak (1963) and this was probably due to the 
uniformity of the vegetation in the sampling area. Smaller series 
of samples were also inspected but yielded less consistent results. 
It is possible that at other times of the year with different water 
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levels., the results would be less consistent, because of 
the discontinuous distribution of the vegetation lower on 
the shore. From these figures it was evident that a series 
of five samples would provide adequate numbers to permit the 
analysis of population structure for several species. A 
comparison of the grab samples with those obtained using hand 
net sweeps shows a marked difference in the percentage species 
composition of the two sets of data (Table 10). This 
difference can be attributed to the fact that the nets sweeps 
did not include the area immediately adjacent to and including 
the bottom muds. 
Five samples were taken each month at a depth of 30 cm. 
On one occasion the sampling station lay in the middle of the 
zone of reed grass. Before each sample was taken the reeds 
were cut off level with the water surface for an area one meter 
in diameter. The grab sample was taken in the middle of this 
area in an attempt to reduce the effects of disturbance. 
The snails taken each month were sorted into species and 
counted. Each individual was then measured to the nearest 
0.1 mm using a micrometer eyepiece. For lymnaeids shell 
height and shell width were measures (Fig. 10) and shell diameter 
and height were measured (Fig. 10) for the planorbids. The 
correlation between these two measurements for any single species 
was found to be close and after three months single measurements 
only were taken for the commoner species (shell height for the 
lymnaeids and shell diameter for the planorbids). Double 















Fig. 10 . Top. Shell dimensions as measured for spired gastropod species 
(lymnaeids and Pot. jenkinsi) and for coiled species 
(planorbids). 
Bottom. Correlation lines between shell measuremenrts 
(a and b) for five species : Lp s L. peregra , 
Ls = L. stagnalis , Ac - A. contortus , Al 
A. leucostoma , Sc = Segmentina complanata. 
Measurements for the planorbid species are in mm 
and for lymnaeid species in cm . 
D 
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LIFE CYCLES 
Lymnaea peregra - Results. 
The population sampled in July 1971 had a large component 
of young animals (Fig. l1). The population was not clearly 
bimodal but the parent cohort was still present. The young 
animals increased in size throughout August and September, 
but a decrease was recorded in October. This was associated 
with the drop in water level (Fig. 9). Only a small number of 
individuals of a wide size range were taken in November and 
the 
low water level in December meant that this species did not 
appear in the samples. With the return to top water 
level in 
January this species was again present in the samples. 
The 
population at this time was unimodal and composed of small 
individuals. The mean size of these winter recruits steadily 
increased throughout the first five months of 1972 (Table 
13 
and Fig. ll). Young animals again appeared in May and this 
recruitment continued into August. In August the water 
level 
fell exposing the habitat of this species, since which time 
it 
has been continuously exposed apart from a partial reimmersion 
in February 1973. 
Egg masses occurred in samples on three occasions; July, 
1971, April and June 1972. These appear to represent a single 
breeding season in the late spring and early summer. 
The growth rates calculated for this population are given 
in Tables 12 and 13. With the exception of periods of exposure 
growth appears to be continuous throughout life and only 
decreases once spawning commences. The maximum size recorded 
for any individual during the routine sampling was 14 mm, 
although individuals measuring 28 mm have been found in other 
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Fig. 11 . Lymnaea peregra . Size frequency distribution as 
percentage of each sample in each 1 mm size group. 
The mean size and standard deviation of each cohort 
are also represented. 
Two samples from Upper Litton Reservoir are included for 
comparative purposes. 
Table 12. Summary of size and growth data for jZmnaea, _, 
pere , rr, 
in 1971. 
Sample No. in Range of Mean Std. Size Growth 










21 March 75 1-7 3.7 1.0 - - 
20 July 50 5-13 7.2 2.4 94.5 0.22 
17 Aug. 35 6-11 7.5 1.7 4.2 0.08 
20 July 106 2-7 2.8 0.6 - - 
17 Aug. 80 ' 2-8 5.1 1.6 82.0 0.56 
21 Sept. 256 1-11 7.9 1.4 55.0 0.70 
21 Oct. 96 1-10 8.2 2.0 2.6 0.08 
17 Nov. 21 2-14 7.6 3.6 -7.3 -0.15 
Table 13. Summary of size and growth data for Lymnaea Pere- 
in 1972. 
Sample No. in Range of Mean Std. Size Growth 
Date sample lengths length devo increase rate (mm/week) (mm) , (mm) (mm) 
(%) 
20 Jan. 6 1-5 2.5 1.4 - - 
28 Feb. 61 1-6 4.0 1.0 60 0.30 
21 March 33 2-7 4.8 1.0 20 0.20 
25 Apr. 20 5-12 8.0 1.4 66 0.80 
25 May 16 5-12 9.0 1.4 12.5 0.25 
21 June 2 8-11 - - - - 
25 May. 35 1-5 1.6 - - - 
21 June 95 1-4 2.4 0.5 50 0.20 
19 July 18 1-9 5.8 2.0 142 0.85 
30 Aug. 6 4-10 7.6 - - - 
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Included in Fig. 11 are the size frequency distributions 
of two samples taken at Upper Litton Reservoir. 
Lymnaea peregra - Discussion 
Boycott (1936) states that this species is univoltine, 
although he believed that two generations were possible in a 
single year if , conditions were warmer". Subsequent studies 
have verified this viewpoint. Macan (1965a) demonstrated that 
this species was univoltine in Hodsons Tarn, with the young 
hatching in April and May. Hunter (1961b) and Gruffydd (1965) 
both studied lacustrine populations with an associated riverine 
population. Hunter (1961b) studied a univoltine population in 
Loch Lomond, where the young hatched from April till June. 
An associated population in the River Endrick clearly demon- 
strated a cycle of two generations per year. The first 
hatch occurred in April and May. This cohort subsequently 
spawned and was replaced by a second generation, which hatched 
in September. The individuals of this second cohort over- 
wintered and gave rise to the spring cohort of the following 
year. Hunter also observed that growth continued throughout 
the winter months, a fact he attributed to the omnivorous diet 
of this species. Gruffydd (1965) studied a population in a 
small reservoir in North Wales and an associated population in 
the outflow stream from this reservoir. In the reservoir 
L. peregra was described as having a cycle of two generations 
per year, while the river population was univoltine. 
Examination of the size frequency data for the reservoir 
population shows that in the first year (1960) there were 
indeed two generations with complete replacement, however in 
the second year (1961) the situation was not so clear. The 
data appear to indicate that spawning continued throughout the 
summer with no distinct second generations appearing. This 
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interpretation of Gruffydd's results also fits the information 
available on water temperature during this study. The spring 
and summer of 1960 were warmer than for the following year, 
thus enabling earlier spawning and the higher growth rate that 
was observed in 1960. Gruffydd like Hunter (196lb3 observed 
growth to be continuous throughout the winter months. He also 
observed spawning to commence while the water temperature was 
still only 6°C. Laurie (1942) observed the eggs of this 
species to be present in an upland pond in South Wales in 
July and August. 
The results obtained in this study are less complete as 
L. peregra is almost completely restricted to the Pontinalis 
zone, which due-to the changes in water level is not always 
submerged. Sampling commenced after the emergence of a summer 
cohort in 1971 (Fig. ll) and followed this through till November 
recording a steady increase in size (Table 12) with recruitment 
continuing into October. A drop in water level meant that 
the Fontinalis zone was out of the water throughout December 
but following a rise in level a large number of small individuals 
appeared in January completely replacing the previous summers 
cohort. The appearance of these young animals at this time of 
year meant that either spawning had occurred at a water 
temperature of 4-5°C (Fig. l), which would be the lowest 
breeding temperature recorded for this species, or that these 
small individuals represented those animals that had survived 
exposure. The latter seems more likely as a similar sequence of 
events was observed for L. stagnalis at Upper Litton Reservoir. 
This winter group grew steadily until it was replaced by its own 
offspring in May, 1972. Survivors of the winter recruitment 
were still present in August. The subsequent development of 
the summer cohort of 1972 was not followed as the water level has 
been below the Fontinalis zone since mid-August 1972. 
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The rate of growth observed in this study compares well 
with the rates calculated by Gruffydd (1965) who found a 
considerable difference between the two years covered`by his 
study. Gruffydd also found the growth of an associated 
river population was far below that of the lake population. 
This does not seem to have been the case for the populations 
studied by Hunter in Scotland (1961b). From the data included 
in that paper it is possible to calculate the growth rates for 
both-the offshore population in Loch Lomond and the population 
studied in Fruin Water (Table 14). From these figures it can 
be seen that the river population maintains a higher growth 
rate than the offshore population in the loch. The population 
monitored at Blagdon Lake sustains a higher rate of growth than 
any of the other populations mentioned above, although the rates 
measured by Gruffydd (1965) are within the same range. The 
two samples taken at Upper Litton Reservoir seem to indicate 
that the population of that water has an even higher growth 
rate than that of Blagdon Lake reaching larger sizes for 
comparable times of lyear (Fig. l1) . 
The higher growth rate observed in these lakes is not 
unexpected when the trophic status of these water bodies is 
considered. Blagdon Lake is one of the most eutrophic 
waters in this country (Wilson et al., in prep. a), whilst 
Loch Lomond is listed as oligotrophic/mesotrophic by Luther 
and Rzoska (1971). The trophic status of the small reservoir 
studied by Gruffydd (1965) is unknown. Gruffydd described it 
as supporting large growths of Elodea and Potamogeton spp., 
which would seem to indicate a fairly rich environment, although 
the snail community supported by this water was restricted to 
L. peregra, L. palustris and G. albus. Blagdon Lake lies in 
a lowland area in the south of England and a similar decrease 
in growth with increase in latitude has been observed for 
Physa fontinalis (Duncan, 1959). This probably correlates 
with the milder climate experienced and richer waters present 
in the southern lowlands. 
Sample Range in Mean Growth 
date lengths length rate 
(mm) (mm) (mm/week) 
Fruin Water 
19 October 1952 3.1-6.5 4.49 - 
25 January, 1953 4.5-8.7 6.23 0.13 
14 April, 1953 4.9-10.3 7.80 0.14 
2 June, 1953 8.9-11.2 10.23 0.80 
2 June, 1953 1.4-3.9 3.10 - 
18 August, 1953 4.6-9.5 6.89 0.34 
Loch Lomond 
23 August, 1952 3.7-6.1 5.02 - 
16 November, 1952 4.7-9.1 6.61 0.15 
29 December, 1952 2.8-9.9 7.08 0.08 
13 February, 1953 6.1-9.5 7.76 0.12 
22 April, 1953 3.0-9.4 7.54 -0.02 
2 June, 1953 6.9-100'9 8.93 0.23 
Table 14. Summary of data taken from Hunter (1961 b) on 
the size and growth of Lymnaea Aere ra in 
Loch Lomond and Fruin Water of the River Endrick. 
V 
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L: peregra has been shown in this study to sustain a 
higher rate of growth than populations of less eutrophic 
waters. The life cycle is completed in the short period 
during which its habitat is submerged. It is possible that 
with a high water level throughout the year this species would 
be capable of completing two generations within a single year. 
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Anisus contortus - Results 
Information for this species for 1971 is limited to 
two months, Jply and August. The habitat of this species 
was exposed for the latter part of 1971. In July the 
population was unimodal with a mean shell diameter of 3.3 mm 
(Fig. 12). In August there was a large recruitment to the 
population. The adult cohort was distinguishable by its 
darker shell colouration (De Coster and Persoone, 1970). This 
species occurred in samples again in January 1972 but at that 
time only the lower margin of the Fontinalis had been re- 
immersed. By February the lake was almost at top level and 
this species was more numerous. The population was dominated 
by individuals of medium size (3.0 mm). In the first four 
months of 1972 (Table 15) growth was slow and a distinct 
group of small snails was discernable until May. In May 
a new cohort started to appear and dominated the population 
from June onwards. The parent cohort had disappeared by 
August, when the water level fell to expose the area inhabited 
by this species. 
The growth rate of this species has been calculated for 
the two cohorts present in '1972 and this data is summarised 
in Table 15. 
Anisus contortus - Discussion 
Interpretation of the data obtained for this species is 
complicated by the fact that changes in water level and the 
consequent exposure of the habitat of this species prevented the 
examination of a full twelve month cycle. On the data obtained 
it is possible to demonstrate a summer breeding period with 
recruitment from May onwards. The only study of population 
structure so far reported for this species is that of De Coster 
and Persoone (1970) for a species in a shallow (mean depth 
1.0-1.5 meters) area of water near Ghent in Belgium. The 
Table 15. Summary of size and growth data for Anisus contortus 
in 1972. 
Sample No. in Range of Mean Std. Size Growth 










20 Jan. 10 2.8-4.8 3.7 1.0 - - 
28 Feb. 122 1.2-5.2 3.0 0 
21 March 554 1.2-4.4 3.0 0 nil nil 
25 Apr. 106 1.6-4.8 3.3 0 10 0.07 
25 May 151: 2.4-4.8 3.7 0 12 0.10 
21 June 73 2.8-4.8 3.6 0 -2.7 -0.02 
19 July 48 3.0-4.0 3.7 0.05 2.8 0.02 
25 May 89 1.2-2.4 1.5 0 - - 
21 June 170 1.2-2.8 1.6 0 6.6 0.02 
19 July 86 1.2-3.0 1; 8 0 12; 5 0.05 
30 Aug. 4 1.6-4.0 2.4 - - - 
25 Sept" 5 1. -3.4 4 2.4 - - - 
Table 16 Summary, of size and growth data for Anisus 
leucostoma for the year 1972. 
Sample No. in. Range of Mean Std, ' Size Growth 










28 Feb. 68 1.2-5.2 3.5 0 - - 
21 March 61 2,0-6.3 3.9 110 11,4 0.10 
25 Apr. 13 2.0-6.0 4.7 1.0 20.5 0.20 
25 May-Adult 22 3.2-6.0 4.5 0 -4.2 -0.05 
-Young 110 1.2-2.8 1.8 0 - - 
21 June- 
Adult 5 3.6-6.0 4.3 - - - 
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Fig. 12 . Anisus contortus. Size frequency distribution as 
percentage of sample present in each 0.4 mm size 
group. Mean size and standard deviation are 
also represented. 
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population described was bivoltine with summer and winter 
generations. It would appear that in Blagdon Lake the 
population is univoltine, a fact that may well be attributed 
to the exposure of the species habitat for at least one third 
of each year. The presence of a few small animals in February 
1972 can be attributed to the survival of a few of the 
individuals that hatched late in the summer of 1971. 
The low maximum shell diameter recorded in this study may 
in part be due to a small difference in the dimensions measured 
however this difference would amount of only 0.3 mm in this 
species. The greatest shell diameter recorded in this stuä 
was 4.8 mm where as De Coster and Persoone (1970) recorded a 
maximum shell diameter of 6.0 mm for this species and Okland 
(1964) one of 5.5 mm. This may be due here to the restriction 
of growth of 7 months of the year by low water levels. 
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Anisus leucostoma - Results 
This species was present in the Easter 1971 samples 
and in small numbers in July and August of 1971; but did 
not occur again until February 1972. The population present 
in February was unimodal with a mean shell diameter of 3.5 mm 
(Table 16 and Fig. 13). This population showed a tendency 
to bimodality with a separate group of small individuals 
persisting until may, when a large number of young snails 
appeared dominating the population. In June recruitment 
continued and the parent cohort had almost disappeared. The 
area inhabited by this species was exposed by a fall in water 
level in July and has not been submerged since. 
Anisus leucostoma - Discussion 
This species was only taken in large enough numbers to 
permit analysis of the population structure for a period of 
five consecutive months in the first half of 1972, (February- 
June). The population examined in this period was unimodal 
for the first part of the year, the apparent bimodality of 
this population in February being a result of the period of 
exposure prior to the appearance of this species in the samples. 
Growth appears to be consistent with the exception of the 
negative growth recorded for the parent cohort in both May and 
June and this can be attributed to the death of larger animals 
subsequent to breeding. 
This species is univoltine in, this habitat, however the 
fact that this species is able to complete its life cycle in the 
six month period that its habitat is immersed would seem to 
indicate that in more favourable conditions two or more generations 





















Fig. 13 . Anisus leucostoma. Size frequency distribution as 
percentage of sample in each 0.4 mm size group. 
The mean size and standard deviation are represented 
in the lowdr graph. 
FMAM .1 
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On. several occasions during the sampling programme 
deformed specimens of this species were recorded in which 
the body wh. is, had become uncoiled (Plate 2). This had 
been recorded elsewhere for this species (Boettger 1944, 
Warwick 1949, Jackiewicz. 1972). - 
Plate 2. Uncoiled shells of Anisus leucostoma found in 
Rugmoor Bay. 
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Gyraulus albus - Results 
Data for this species is fragmentary and is restricted 
to two periods; July-November, 1971 and June-November 1972. 
During both these periods the water level was between one and 
four meters below top water level (Fig. 17). The population 
was unimodal in August and September 1971 with mean diameters 
of 4.0 and 3.9 mm respectively (Table 17 and Fig. 14). In 
October 1971 a large number of young appeared and the numbers 
of the parent cohort decreased. The rising water level left 
this population in water of a greater depth than that sampled. 
In 1972 a few specimens were taken in June, July and 
August and the size range for these are given in Table 17. 
Larger numbers were taken in September, October and November. 
In each of these months and population was unimodal, with 
mean sizes of 2.5,2.6 and 3.2 mm respectively (Table 17). 
From the size ranges given in Table 17 it can be 
seen that in 1971 the young hatched in October, whilst in 
1971 young animals were present in July and recruitment was 
still occurring in October. 
Gyraulus albus - Discussion 
Interpretation of the data for this species is difficult 
because of the small numbers taken. The data for 1971 clearly 
shows the appearance of a new generation in October whilst the 
presence of small individuals in July may be an indication of a 
breeding period in the early months of the summer. In 1972 
recruitment seems to be continuous throughout the summer, 
with the parent generation finally disappearing in September. 
From this information it is impossible to tell if the population 
Table 17. Summary of size and growth data for Gyraulus albus . 
Sample No. in Range of Mean Std, Size Growth Date sample lengths length dev. increase rate 
(MM) (mm) (mm) (%) (mm/week) 
11 
20 July 5 1.8-4.0 3.3 - - - 
17 Aug. 24 2.2-5.6 4.0 1.0 - - 
21 Sept. 98 2,0-5.6 3.9 1.4 -2.5 -0.02 
21 Oct. 
Adu lts 31 4.0-5.4 4.5 0 15.4 0.15 
Young 151 1.0-3.0 1.7 0.3 - - 
17 Nov. 3 1.4-5.4 3.5 - - - 
1972 
21 June 5 2,4-5.4 4.0 - - - 
19 July 11 1.2-6.0 2.5 1.7 - - 
30 Aug 6 1.8-5.2 3.0 - - - 
25 Sept. 17 1.2-3.8 2.5 0 - - 
3 Nov, 27 1,6-4.6 2.6 1.0 4.0 0.02 












































Size frequency distribution as percentage 
of sample in each 0.4 mm size group. The mean size and standard 
deviation are represented in the lower graph. 
ASO 
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is uni- or bi- voltine however it would seem probable 
that this species is univoltine with a more extended 
period of breeding and recruitment than that described 
by Hunter (1961b). 
The few determinations of growth rate that have been 
made compare well with those calculated for the other planorbid 
species in this habitat. These values also compare with the 
laboratory growth rate of 0.15 mm/week that was calculated by 
Hunter for this species (Hunter, 1961b). 
0 
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Gyraulus crista - Results 
All the populations of this species which were 
sampled, were unimodal (Fig. 15) and the division of these 
populations into cohorts is problematical. Growth, as 
measured by change in the mean size of the population was 
also inconsistent (Table. 18). These problems almost 
certainly result from the treatment of the samples. The 
smallest specimens retained being 0.6 mm in shell diameter 
and complete retention probably occurring at 1.2 mm whilst 
the maximum size recorded for this lake is only 2.75 mm. 
This species was not recorded between November, 1971 
and January 1972 when the water level was more than 1.2 m 
b. t. w. l. Young appeared in both summers and also in 
February 1972, but whether these hatches represent separate 
cohorts with complete replacement is impossible to say, 
although in both summers there waq an actual as well as 
proportional decrease in the numbers of larger animals. 
Gyraulus crista - Discussion 
The interpretation of the data available for this 
species is complicated by the unimodal size distributions 
recorded for each month. The small proportion of the total 
size range retained in sorting (approximately 50%) and the 
lack of any variation in shell colouration mean that it is 
impossible to separate the sample population into cohorts. 
Recruitment definitely occurred in both summers of this 
study. The presence of young animals in February 1972 may 














Pig. 15 . yraulus crista. Size frequency distribution as 
percentage of sample in each 0.1 mm size group. The 
mean size and standard deviation are represented in 
the lower graph. 
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preceding months., the small animals being the survivors 
of the stranded summer cohort. Assuming the life cycle 
of this species to be similar to that of the other species 
of planorbids occurring in this habitat,, the cycle will be 
univoltine. 
The inability to separate the population into cohorts 
makes the growth rates calculated inconsistent and variable 
(Table 18 and Fig. 15), with many negative values being recorded. 
The maximum size recorded for this species in this study was 
2.75 mmq which may be considered large for this species; 
Okland (1964) recorded a maximum size of 1 .2 mm for this 
species in Lake Borrevann in, Southern Norway. 
S 
- 51 - 
Potamopyrqus jenkinsi Smith - Results 
This species only occurs in samples taken when the 
water level is more than 1.5 m b. t. w. l. (Fig. 17). The 
population sampled in September 1971 was bimodal, with mean 
sizes of 2.21 and 5.23 mm (Tables 19 and 20, Fig. 15). The 
older of these two cohorts was still present in October,, but 
was indistinguishable by November. The younger cohort 
(Cohort 2 in Table 19) in September 1971 was the result of 
summer breeding by this species and represented 50% of the 
September population of this species. In October, the summer 
cohort (Cohort 2 in Table 19) dominated the population and 
was the only cohort present in November. In December the 
summer cohort was reduced in numbers and importance with 
the appearance of a new cohort (Cohort 3 in Table 19). An 
increase in water level at the start of 1972 meant that this 
species did not appear in samples again until August 1972, 
when the water level again fell below 1.5 m b. t. w. l. 
In August 1972 there were two cohorts present with a 
bimodal size frequency distribution (Fig. 16 and Table 20). 
The older cohort (Cohort 1 in Table 20) represented the adult 
generation that had given rise to the younger cohort (Cohort 2 
in Table 20). The adult cohort was still present in September, 
but by November had become indistinguishable from the younger 
summer cohort. Recruitment to the summer cohort was still 
taking place in October, but by November this cohort had 
increased in size and absorbed the remaining individuals of 
the previous cohort. In November a new cohort (Cohort 3 in 
Table 20) started to appear and by December this autumn cohort 
represented slightly more than fifty per cent of the population. 
In January 1973 the population was dominated by the autumn 
cohort which was still recruiting. In February 1973 the 
Table 19. Summary of size and growth data for Potamo Yps raus 
enkinsi for the autumn of 1971. 
Sample No. in Range of Mean Std. Size Growth 











21 Sept. 98 3.8-6.8 5.23 0.69 - - 
21 Oct. 25 4.6-6.4 5.61 0.42 7.25 0.09 
Cohort 2. 
21 Sept. 157 0.8-3.8 2.21 0.71 -- 
21 Oct. 64 1.6-4.6 3.12 0.74 111.2 0.23 
27 Nov. 116 1.6-6.0 3.77 0.97 20.4 0.13 
17 Dec. 23 3.4-5.6 4.39 1.10 16.4 0.31 
Cohort 3. 
17 Dec. 82 1.2-3.4 2.23 o. 46 -- 
Table 20. Summary of size and growth data for Potamopyrgus 
jenkix si for 1972 and 1973. 
Sample No. in Range of Mean Std. Size Growth 




(mm/week) (mm) (mm) mm 
Cohort 1. 
30 Aug. 28 3.6-5.6 4.77 0.42 - - 
25 Sept. 26 3.6-6.0 4.65 0.33 -2.5 -u"03 
Cohort 2. 
30 Aug. 125 1.2-3.6 2.14 0.37 - - 
25 Sept. 78 1; 2-3.6 2.33 0.36 8: 9 0.05 
3 Nov. 79 2.6-4.8 4.04 0.40 73.5 0.31 
3 Dec. 45 3.4-5.6 4.82 0.37 19.3 0.19 
12 Jan. ' 10 3 . 
8"-5.6 5.00 0.40 3.7 0.03 
14 Feb. 4 4,2-5,6, 4.75 - - - 
Cohort . 3 Nov. 20 0.8^2.6 1.81 0.35 - - 
3 Dec. 62 1.2-3.4 2.23 0.36 23.2 0.11 
12 Jan. 145 0.8-3.8 2.14 0.60 -4.0 -0.01 
14 Feb. 98 0.8-4.2 2.49 0.52 16.4 0.09 
30 Apr. 22 1.6-4.8 3.18 0.35 27.7 0.07 
es 
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Fit. 16 . Pot amopyrgus ienkinsi. Size frequency distribution 
as percentage ofsample in each 0.4 mm size group. 
The mean size and standard deviation are also 
represented. 
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previous summer generation was still represented by a few 
individuals and the younger generation had apparently 
stopped recruiting. The population present in April 1973 
was unimodal and after this date this species was not taken 
in sufficient numbers to permit analysis. 
The size frequency distribution for each month for 
this species are plotted in Fig. 16. The population being 
represented as the percentage present in 0.4 mm size groups. 
Fig-16 also includes a plot of the mean length of each cohort 
per month. Details of size and growth rates are given by 
cohort in Tables 19 and 20. 
Potamopyrqus jenkinsi - Discussion 
The population studied in 1972 was bivoltine with a 
summer cohort that appeared in August and September, completely 
replacing the parent cohort (Cohort 1 in Table 20). This 
summer cohort (Cohort 2 in Table 20) gave rise to a winter 
cohort (Cohort 3 in Table 20) for which the bulk of recruitment 
took place in December 1972 and January 1973. The summer cohort 
was still represented by a few individuals in February 1973 
but by April 1973 this cohort had disappeared and the population 
was unimodal. 
Michaut (1968) described a bivoltine population from the 
south of France, with the two main breeding periods occurring 
in the late spring and the autumn. Michaut described his 
population as consisting of two annual generations, which 
conflicts with Fromming's statement (1956) that this species 
had a maximum longevity of seven months. The results of this 
study show complete replacement and a life span of nine months 
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maximum, assuming that the adult individuals present in 
August and September 1972 are members of the winter cohort 
that had started to appear in December 1971 (Fig. 16). It 
would seem possible that the milder climate of the South of 
Prance may allow an increased longevity in this species, this 
does not seem likely though because the maximum size recorded 
by Michaut was 5.6 mm as opposed to the 6.8 mm recorded during 
this study. It would seem possible that the population 
studied by Michaut was truly bivoltine and not two annual 
populations living in the same habitat. The restricted 
breeding period described by Michaut and myself conflicts 
with the view expressed by Fretter and Graham (1962) that 
this species reproduced parthenogenically throughout the year. 
Growth for this species was good and reasonably consistent 
with negative growth only being recorded towards the end of a 
cohort's existence, a fact that may be attributed to the death 
of the larger animals. The large maximum size recorded for 
this population is outside the range quoted for this species 
by McMillan (1968). a fact that probably reflects the eutrophic 
status of this lake. 
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Other species 
Apart from the six species dealt with above there were 
several species taken in such small numbers as to prevent any 
detailed treatment. 
Lymnaea truncatula was recorded on eight occasions, but 
only when the lake was nearly full. The maximum shell height 
recorded for this species was 12.0 mm and it was possible to 
observe that in June 1972, although the sample was Small, a 
new generation of this species had appeared. 
L. stagnalis was only recorded in very small numbers. 
The largest shell height recorded for a live animal was 
16.8 mm although empty shells have been taken measuring up 
to 40.0 mm. 
Planorbis carinatus was recorded on two occasions and 
a maximum shell diameter of 8.10 mm measured. 
Segmentina complanata was taken in large numbers in July 
and August 1971 but in only small numbers on a few subsequent 
occasions. The largest shell diameter recorded measured 
4.90 mm. 
Valvata piscinalis was recorded in association with 
Potemopyrgus -ienkinsi, but seldom in anything other than small 
numbers. The maximum shell diameter measured was 4.90 mm. 
Bithynia tentaculata was found in January 1972 only, 
the largest specimen having a shell height of 8.80 mm. 
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Other species also recorded on Blagdon Lake are 
Valvata macrostoma, Succinea pfeifferi, Lymnaea palustris, 
Aplexa h pnorum, Planorbis laevis, Zonitoides nitidus and 
L. glabra. 
f 
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COMMJNITY COMPOSITION 
Results 
The results of the routine sampling are given in Table 
210 as numbers per meter square. The density varied between 
rt100 and 14 , 000 per mit . The 
lowest densities were recorded 
subsequent to an increase in water level. The greatest 
density was recorded in August 1972 when the assemblage was 
dominated by Potamopyrous jenkinsi. 
From the densities per month, the monthly composition of 
the gastropod community sampled was calculated as the percentage 
ofkthe total number of animals per meter squared represented by 
each species. The percentage composition of the community 
each month is given in Table 22 and Fig. 17. 
The community shows two dominating coenoses occurring on 
a seasonal basis. The first-of these is composed of the 
, lymnaeid species in association with the planorbids: 
L. peregra. L. truncatula, L. stagnalis with Anisus contortus,, 
A. 'leucostoma. Gyraulus crista and Segmentina complaneta. This 
coenosis is associated with water levels above 2mb. t. w. l. 
When the water level falls below this the community is dominated 
by'Potamopyrgus jenkinsi with small numbers of Valvata piscinalis 
and yraulus albus. 
L. peregra was the most frequently occurring species 
being present on all but two occasions. G. crista was found 
in association with A. contortus on all but two occasions, 
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Fig. 17 . Percentage species composition of the gastropod 
community sampled each month. The water levels for 
the period of this study are included. 
Species are represented by their initials (eg. Lp 
Lymnaea peregra ). 
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Discussion 
The distribution of species in the littoral zone of 
this lake is related to the ability of the species to tolerate 
exposure to drying conditions. As discussed elsewhere this 
tolerance is affected by the type of macrophyte growth present 
on'the'shore, as these provide a varying degree of protection. 
In Rugmoor Bay there appear to be two clearly defined coenoses. 
The first was observed during periods of high water level 
(Fig. 17) and was associated with the Fontinalis extending to 
a depth of approximately 2 meters b. t. w. l. Below this was 
a completely different snail coenosis associated with the Chara 
and 'bare mud substrate. 
The shallow water coenosis is dominated by three species: 
L. peregra; A. contortus and G. crista with several less 
important component species: L. t runcafula, L. stagnalis, 
A. leucostoma, Segmentina complanata. With the exception of 
L. stagnalis and S. complanata these species are able to survive 
prolonged periods of exposure (discussed below) with the 
conditions experienced in Bugmoor Bay, provided the vegetation 
remains undisturbed. 
The offshore population is less diverse and is completely 
dominated by Potamopyrgus jenkinsi, with small numbers of 
Velvata piscinalis also present. The density of P. jenkinsi 
can reach very high numbers (14,000 per m2) provided this zone 
remains undisturbed. Wave action appears to have a restricting 
influence on the population, but whether this effect is direct 
or indirect by the destruction of the Chara beds is uncertain. 
The latter would seem more likely as Holmes (1965) described 
a flourishing population of thisLapecies on a wave cut platform 
in Malham Tarn. 
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One species, G. albus appears to be associated with 
the growth of Polygonum amphibium. This observation, 
initially made for Rugmoor Bay was further confirmed by 
observations on the stranded P. am hý ibium on the shores 
of Chew Valley Lake, where this species was found in assoc- 
iation with L. peregra, L. truncatula and A. leucostoma. 
The correlation of only two species with the Chara zone 
is interesting as it contrasts with the observations of 
Holmes (1965) who found that the greatest densities of 
L. peregra and L. stagnalis were found on the Chara of Malhem 
Tarn. A. contortus was also found in large numbers (maximum 
recorded 170 per m2). This difference may be due to the 
deeper distribution of Chara in Blagdon, but it is more likely 
that this is a function of the poor ability of the Characaea 
to survive exposure to wave action. Holmes (1965) and Honer 
(1963) both associated P; jenkinsi and V. piscinalis with Chara 
and bare mud substrates, a correlation that agreed with the 
observations of this study. 
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SURVIVAL OF EXPOSURE. 
Sampling 
In April 1972 the water level started to fall and 
continued to do so until December 1972 (Fig. 9). This 
receding water level had exposed a large portion of the 
Fontinalis zone by early June. Subsequent to this samples 
were taken from the exposed area for quantitative analysis. 
Sections of substrate 0.05 meters square and 6-10 cm deep 
were removed to the laboratory and immersed in water for 
twenty four hours. These samples were then treated as 
ordinary samples (see p. 16). During this period field 
measurements were made of the humidity in amongst the 
stranded Pontinalis using three hair hygrometers for each 
reading. 
In February 1973 when the lake level had risen to 
1.4 b. t. w. l., the lower margin of the Fontinalis was submerged. 
At this time two sets of samples were taken; the first from 
the remaining area of exposed Fontinalis and the other from 
the immersed area. It was hoped to monitor the recovery 
of this community in the field, but unfortunately the water 
level soon fell again. 
In June, 1973, three larger portions of substrate were 
removed to the laboratory and examined to determine the position 
of any snails in relation to the weed and soil. Material was 
carefully (removed in layers. The animals found at each stage 
were examined for epiphragms and then placed in separate 
dishes of water. Subsequent recoveries were noted. 
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Results 
The results of the analysis of samples taken from the 
stranded Fontinalis are given in Tables 23 and 24. The 
results of the routine sampling for May and June 1972 are 
, 
also included as the best estimates'of community structure 
at the time of exposure. Table 23 gives the species compos- 
ition per month as numbers of survivors per square meter. The 
percentage species composition of the survivors is given in 
Table 24 and Fig. 18. 
The first samples examined after exposure were dominated 
by L. peregra, but with time the ba; ance of the species 
: changed. After three months exposure the community was 
dominated by A. contortus, with G. crista consistently repres- 
enting a substantial proportion of the community (Fig. 18). 
In July., 1973, after twelve months continuous exposure, 
G.. albus was found in small numbers in April, 1973 but was 
no longer present in July of that year. 
The size structure of the populations sampled during 
this twelve month period are plotted in Pigs. 19 and 20. 
The size structure of the populations analysed in the routine 
sampling for May and June 1972 are also included. The size 
structure of all these populations remains reasonably constant 
throughout the exposure. The most notable variations are the 
small overall size of the population of G. crista in April 
1973 and the large mean size of the population of A. leucostoma 
in July, 1973. 
The measurements of humidity made in the field were very 
, variable. The range found in mid August 1972 after several 
days without rain varied between forty and ninety per cent over 
a very small area. Consistent readings were only made after a 
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period of rain, when a relative humidity of-approximately 
ninety per cent was recorded. 
Examination of the substrate to determine the position(s) 
occupied by survivors showed that only those animals found 
between the vegetation and the soil surface recovered on being 
placed in water. No animals were observed to have burrowed into 
the soil surface and epiphragms were only observed in members 
of one_+species, A; leucostoma. 
A (lumber of A: contortus, A. leucostoma and G. crista 
were placed in petri dishes and covered with water. These 
dishes were left uncovered in the laboratory and allowed to 
dry (temperature range experienced 18-24°C). After 7 days 
the dishes were completely dry and allowed to remain so for 
a further 14 days. The dishes were then refilled with water 
and after a lapse of 4 hours the number of animals that had 
recovered was recorded. For A. contortus only 12 survived 
out of a total of 264 animals tested. This represented a 
survival of 4.5%. A wide size range was included in this 
test but the survivors were all larger than 3.0 mm diameter. 
A smaller number of G. crista were tested (69) and there were 
no survivors. Of the 48 A. leucostoma that were tested 37 
survived, representing at 77% survival. The size range of 
the tested animals was wide and there appeared to be little 
size selectivity in the mortality. 
Field observations were made at Chew Valley Lake on two 
occasions during the period of prolonged exposure from July 1972 
onwards. In October 1972 after some three months exposure and 
in March 1973 after a further five months,, sections of the 
exposed P. amphibium beds were removed to the laboratory. The 
area of these sections of substrate were measured. The sections 
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were then placed in water for twenty four hours before being 
treated in the same way as the samples taken from Blagdon 
Lake (p. 3(o ). On the first occasion 0.625 
m 
of substrate 
were examined and on the second 0.25 
m. 
The results of these 
samples are given in Table 25 as numbers surviving per square 
meter and also as a percentage of the total number of survivors 
represented by each species. 
The species surviving at Chew are the same as those 
found at Blagdon with the exception of A. contortus and G. crista 
which were not recorded in the samples from Chew. A small 
number of L. st gnalis occurred in the Chew samples after an 
exposure of 9 months. All these animals had a shell height 




























Fig. 18 . Percentage species composition of the gastropod 
community of the stranded Fontinalis of Bugmoor Bay. 
Species are represented by their initials (eg. Ac 
Anisus contortus ). 
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Discussion 
Interpretation of the date gathered on the field survival 
of exposure is difficult. The figures show a wide variation, 
which is probably due to the small area sampled at any one 
time. It therefore seems unwise to look for detailed con- 
clusions from this data, however certain generalisations can 
be made. 
The number of survivors decreases with the increasing 
duration of the exposure, but not as rapidly as might be 
expected. Between twenty five and fifty percent of the 
original numbers are still alive after twelve months continuous 
exposure. 
The measurement of the physical conditions experienced 
during exposure is difficult. The range of the air temperature 
, 
and rainfall can be measured, but give little indication of the 
. actual conditions of the microclimate surrounding the animals. 
Attempts to measure the relative humidity of this microhabitat 
in the field provided unsatisfactory results, with a wide 
range of variability of the same day. The temperature and 
humidity are almost certainly the most important parameters 
affecting the survival of the stranded animals. The range 
of-these two parameters experienced within the microhabitat 
will be related to other factors such as; air temperature, 
rainfall, shading, presence of vegetation, the depth of the 
water table, gradient of the substrate and the soil type of 
the area. Of these factors the presence of vegetation is the 
most complicated as the effect of this will vary with the type 
of vegetation present. This variation is due to the difference 
in the ability of aquatic macrophytes to support themselves once 
their normal medium of water has been removed. Emergent forms 
such as Phragmites communis are little affected by the removal 
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of support in the form of water and as a consequence provide 
little protection for any animals stranded amongst their 
stems. Floating leaf forms, (Polygonum amphibium) and 
submerged growths (eg. Fontinalis) are unable to support 
themselves in air and collapse on exposure. The completeness 
of the layer formed by these collapsed plants will depend upon 
the structure of the plant involved. The leaves of 
P. amphibium provide excellent shelter for stranded animals 
but the stems which form an appreciable proportion of this 
plant provide little shelter. The bryophyte Fontinalis 
provided excellent cover and shelter when stranded for its 
fronds are short in length and have leaves along their whole 
length. This plant also occurs in clumps rather than as 
individual fronds and a large degree of overlapping occurs. 
In contrast the Chara is the same size as Fontinalis but 
are very fragile and easily damaged, when exposed to wave action. 
This plant also decomposes rapidly when exposed and with the 
exception of large masses that have been washed up to form a 
strandline, this plant has not been found to cover any live 
animals. These strandline masses lack any distinctive form 
of fauna as observed by Hunter (1953c) on the shores of Loch 
Lomond. 
The data on size structure for the three planorbid 
species (Figs. 19 and 20) would seem to indicates that it is 
the animals in the middle size range that best survive 
exposure in the field. It is impossible to determine if 
growth was completely halted during periods of exposure. 
Periods of rainfall or of raised water table may provide 
sufficient surface moisture to enable growth to occur, whilst 
the habitat is still exposed. Marks have been observed on the 
shells of larger individuals of A. contortus and A. leucostoma 
and these may be interpreted as growth checks. The mean size 









































Fig. 19 . Size frequency distribution as percentage of sample 
in each size group for Anisus leucostoma and 
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Fig. 20 . Size frequency distribution as percentage of sample 
in each size group for Anisus contortus and 
Gyraulus crista as recorded from the stranded Fontinalis. 
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of the A. leucostoma population is markedly larger in July 
1973 than at the tine of stranding. This may be due to 
size differential in mortality after a prolonged period of 
exposure. 
A. leucostoma has been reported to form epiphragmo 
by Precht, (1939) and Zhadin (1926). Precht (1929) found that 
the formation of an epiphragm enabled members of this species 
to survive desiccation fora maximum of 800 days. Zhadin 
also observed that the formation of an epiphragm enabled 
individuals of this species to tolerate exposure to drying 
conditions. Zhadin showed that this species is capable of 
surviving four periods of dryness and subsequent immersion in 
close succession. The increasing importance of this species 
as a component of the community reflects the ability of this 
species to survive dry conditions. 
L . 1ýgra was present in large numbers one month after 
exposure, but this was probably due to the hatching of large 
numbers of young animals immediately prior to exposure. This 
initial abundance was short-lived and after three months this 
species represented a small proportion of the surviving animals. 
Small numbers of this species were still alive after twelve 
months exposure. All the long-term survivors observed for 
both Rugmoor Bay and Chew Valley Lake had a shell height of 
less than 4.0 mm. The greater survival of the small animals 
agrees with the work of Storey (1972). The ability of 
individuals of this species to tolerate exposure contrasts 
with the observations of Hubendick (1947)-who stated that 
this species was intolerant of dry conditions. The results 
obtained in this study show that small numbers of L. peregra 
are able to survive exposure to dry conditions for at least 
twelve months in the field, but this species suffers a high 
mortality during the initial period of the exposure. This 
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pattern agrees with Aess' (1958) observation that Lymnaea 
species are more s nsitive to variations in water level than 
other gastropods, but that even under extreme conditions they 
do not entirely disappear. 
L, truncatula was not considered to be truly aquatic by 
Boycott (1936) and several others studies have agreed with 
this view (Macan, 195 0; Okland, 1964; Hunter, 1964; Heppleston, 
1972). This species maintained a steady presence throughout 
the period of exposure studied and did not appear to be 
favoured by the drier conditions. In this study it would 
seem that this species is dependent upon the submergence of 
the littoral vegetation for the completion of its life cycle. 
It is possible that strains of this species exist, with 
different tolerances to dry conditions. Racial variation 
with respect to the tolerance of dry conditions has been 
demonstrated for several species. 
A. contortus survived the period of exposure well and 
at the end of twelve months exposure was the commonest member 
of the snail community( Fig. 15). Previous information for 
this species is conflicting; Klimowicz (1959) stated that this 
species was poorly tolerant of dry conditions, whilst Okiand 
(1964) commonly found this species in areas liable to dry out 
in the summer and concluded that this species "possesses the 
ability to endure desiccation". This species has often been 
observed to be restricted in its distribution to the vegetation 
of the shallow marginal waters of lakes (Odhner, 1929; Hubendick, 
1943; Macan, 1950; Qkland, 1964). The presence of macrophytes 
may greatly affect the ability of this species to tolerate dry 
conditions. The exposure of members of this species to dry 
conditions in the laboratory led to a 4.596 survival from 264 
test animals. All-the survivors had a shell diameter in excess 
of 3.0 mmp although the initial size range in the test was 
1.2 mm to 4.4 mm. 
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Like A, contortus, G. crista endures exposure well and 
still represented a considerable portion of the community in 
July, 1973. This tolerance to desiccation conflicts with the 
findings of Hubendick (1947) and Okland (1964). Both of 
them found this species restricted to deeper water,, concluding 
that this species was intolerant of dessication. Kenk (1949) 
found that this species was present in large number in a soil 
sample taken from a dry pond, and it would seem that this species 
is more tolerant of desiccation than was first thought. This 
tolerance appears to be dependent upon the presence of shelter 
for the exposure of the species to the atmosphere caused 10096 
mortality. 
Small numbers of G. albus survived for ten months, but 
this species was not found in the samples taken in July 1973 
it may be that the tolerance of this species is not as 
enduring as that of the previously mentioned planorbids. 
Other species, encountered in this sampling were Secgmentina 
complanata after one and eight months and Bithynia tentaculata 
after eight months (February 1973). 
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UPPER LITTON RESERVOIR 
DESCRIPTION OF SAMPLING STATION 
The Upper Litton Reservoir lies in a steep sided 
valley with its long axis running from E. S. $.. to W. N. W. 
and is well protected from the prevailing westerly winds. 
This is the deepest lake in the system under study (Table 1). 
From late April till mid-November. 1971 weekly measurements 
of temperature and oxygen content (as percentage saturation) 
were made throughout the water column using an E. I. L. portable 
meter. These measurements have demonstrated the presence of 
a stable thermocline from late June till mid September (Fig. 21). 
The oxygen gradient. associated with this thermocline (Fig. 21) 
was severe,, with, a decrease from 806 saturated to less than 
10% occurring between 3 and 4 meters water depth. 
Topographically the lake may be divided into two sections: 
the inflow area whichI is shallow (mean depth 1-2 meters) with 
a central river channel (Plate 3) and the main body of the lake, 
which has steep sides running down to a depth of 15 meters at 
its deepest point (Plate 4). 
The sampling site was chosen in the main part of the lake, 
on an area of shore that was devoid of such submerged obstacles 
as old tree stumps and bushes This site was positioned on 
the north shore (Fig. 6) as the southern shore supported a 
poorer growth of macrophytes, being shaded by a steep bank 
surmounted by a stand of conifers. The sampling station was 
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Plate 4. Upper Litton Reservoir. 
Top. Area near dam when water level was two meters b. t. w. l. 
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Throughout the summer of 1972 the shore was examined 
as the water level receded, and the mecrophyte cover at 
successive depths estimated using 0.05 square meter quadrats. 
The density of the plant growth was estimated as percentage 
cover, care being taken not to include any unattached plant 
material, that had been stranded by the falling water level. 
This estimate does not take into account any variability in 
the density of the Fontinalis growth in terms of the numbers 
of fronds per unit area. 
At the end of October 1972 when the lake level was 7.3 
meters b. t. w. l., a transect of the shore was surveyed using a 
surveyors level in conjunction with calibrated surveying 
poles to measure the vertical and horizontal distances. The 
results of this transect are given in Fig. 22 and Table 26 
which also includes the estimated plant cover down the shore. 
From the dam a stone embankment extends for 250 meters 
along the north shore. In the sample area this stone 
embankment was exposed as bare stone to a depth of 2 meters, 
with some plant growth in the crevices between the stones. 
After two or three months exposure this plant growth tended 
to be Mentha aguatica (Water Mint )$ whilst for the rest of 
the year it was Fontinalis antipyretica (Willow Nbss). In 
this region of the lake Fontinalis is almost the sole species 
of macrophyte present. From the lower edge of the stone 
embankment the substrate was covered with a dense layer of 
Fontinalis to a depth of between S and 6 meters b. t. w. l. 
Below this depth this plant was still present but its 
distribution came very patchy, the rest of the substrate 
being bare mud. Below seven meters depth there was no 
macrophyte growth and the substrate was a rank se lling mud, 
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Fig. 22 . Upper Litton Reservoir - Shore profile and substrates. 
The position of each horizontal rosy of sampling trays 




a condition presumably associated with the anoxic conditions 
present in the hypolimnion throughout the summer (Fig. 21). 
Below the stone embankment, which stands at an angle of 
590 to the horizontal, the gradient of the shore varies from 
22° to 44°. The overall angle described from top water level 
to 8.0 meters b. t. w. l. is 36° which represents a vertical 
change of 1.0 meter in 1.37 meters. From the bottom of the 
stone embankment to the substrate at 8.0 meters depth b. t. w. l.,, 
the mean angle to the horizontal is one of 32°, which represents 
a fall of 1; 0 meter in 1.62 meters. 
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WATER LEVEL FLUCTUATIONS 
For the three years of this study, weekly records of 
water level were made by Bristol Waterworks Company, all 
records being taken in meters below top water level (b. t. w. l. ). 
The changes in water level follow a similar annual cycle to 
that described for Blagdon Lake with a high level (normally 
full) throughout the first six months of the year, followed 
by a steady fall in level throughout the summer and early 
autumn, the lowest level usually being reached in October 
with a rapid return to top level in the last two months of 
the year. 
Fig. 23 gives the mean water level for each month for 
the period January 1970 to June, 1973; the mean monthly level 
calculated for this period has also been included. The small 
size of this reservoir and its use as a regulatory reservoir 
for the maintenance of a steady flow in the River Chew mean 
that the cycle for this lake is more regular than that of 
Blagdon Lake, which is used for water supply. The level of 
Upper Litton Reservoir is dependent on the rainfall of its 
Mendip Catchment area (mean of 44 inches per year), the draw 
off rate remaining constant throughout the year. 
In 1970 the water levels were close to the mean values 
for this lake. In 1971 after starting to decline earlier than 
normal the level in fact remained at a higher than average 
level throughout the rest of the year. The dry summer of 
1972 meant that the lake reached its lowest level for the 
period of this study, some 7.3 meters b. t. w. l., after falling 
at a mean rate of 1.75 meters per month for four months in 
succession; the fastest and most prolonged changes in water 
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level recorded in the three years of this study. The 
subsequent recovery was even more dramatic, the lake rising 
from 7.3 meters b. t. w. l., to t. w. l., in a period of eight 
weeks (a mean rate of increase of 0.91 m per week or 13 cm 
per day). 
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CHOICE OF SAMPLING TECHNIQUE 
The choice of sampling technique to be employed in this 
study was largely dictated by the type of results required and 
the nature of the biotope under investigation. The main 
object in studying this snail community was to elucidate the 
population structure and life cycles of the species present. 
For comparison with the data collected from Blagdon Lake, it 
was important to establish the effect of such physical para- 
meters as shore gradient, macrophyte cover, varying oxygen 
tensions and changes in water level upon the snail community. 
From the data collected from Upper Litton Reservoir it 
was hoped to determine the relative abundance of each species 
with depth; the variation of the population structures of 
different species populations in relation to the depth; any 
adjustments in the distribution of populations in relation to 
changes on water level and the ability of individuals and 
populations of different species to tolerate exposure to 
drying conditions subsequent to a fall in water level. 
With these requirements in mind, it is also important to 
consider the problems posed by the biotope itself. The substrate 
to be sampled has a steep gradient and varies in type with 
depth. The top two meters are stone embankment with some 
plant growth, below which there is a dense bed of Fontinalis 
antipyretica followed by bare mud. Associated with these. 
characters is a wide range of water levels (Fig. 23). 
Initially the problems of sampling the stone embankment 
were ignored and an attempt was made to use more traditional 
methods to obtain quantitative results from deeper water. 
Using two modified van Veen grabs it was found to be almost 
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impossible to obtain a representative set of samples. 
This was because it was not possible to decide if the 
grab had taken a sample of the required area. The 
variations in the amount of material brought to the surface, 
when taken in conjunction with visual observations', indicated 
that the grabs available were not adequate, nor were there 
any obvious modifications that would have improved their 
performance. The visual observations mentioned were made 
when the water was relatively free from turbidity and the 
grabs could be seen with reasonable clarity at 2.5 m depth. 
These observations showed that the operator could not effec- 
tively tell when the grab was sitting with its mouth in 
complete contact with the substrate. Often the grab was 
triggered whilst on its side, with only one portion of the 
jaws in contact or if positioned correctly, the act of 
triggering was itself sufficient to topple the grab in the 
water. 
When the available grabs were found to be unsuitable an 
alternative method was sought. Dredges were unsuitable as 
they provided non-quantitative data. It is also very difficult 
to obtain comparative data from different depths and they 
cause a lot of disturbance in the biotope. The relatively 
large number of individual animals required from the samples 
meant that coring devices that have been used for benthic work 
(Flannagen, 1970; Paterson and Fernando, 1971), were also 
unsuitable. The depth range from which the samples were 
required created doubts about the suitability of using a 
method utilising a compressed air lift (Dumas, 1962; Mackey, 
1972; Pearson et alp 1973). All these sampling techniques 
and various . specialised methods described in the literature 
(Hairston at al, 1958; Cummings, 1962; Garnett and Hunt, 1965; 
Mackie and Qadri, 1972) had the flaw as far as this study was 
concerned of failing to provide comparative data from the whole 
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range of depths and substrates. 
A method that has been described as suitable for the 
study of the stony littoral regions of lakes, is the use of 
artificial substrates (Nbon, 1935a and b; Dunn, 1961). These 
early studies attempted to imitate the substrate found in 
the field whilst Mundie (1956) used plates of asbestos cement 
for sampling on inclined rock surfaces. The use of coarse 
meshed string baskets filled with stones, either attached to 
the substrate or suspended in mid water, has been suggested 
for the study of lake faunas (Mason and Anderson, 1967; 
Anderson and Mason, 1968; Kreis and Smith, 1970; Kreis et al, 
1971, Mason et al, 1973). Others have advocated their use 
in monitoring stream invertebrates (Henson, L965; Mason and 
Anderson, 1967; Dickson et al, 1971) and at present several 
river authorities are using them for this purpose although 
these baskets are known to provide biased data as some 
invertebrates actively select them as a habitat. Prins and 
Black (1971) have reported that plastic webbing material may 
be substituted for stones in these baskets with little effect 
on their efficiency save making them lighter to handle. A 
series of brick tiles bolted together has been suggested by 
Hester and Dendy (1962) whilst several B. SC. honours students 
at Bristol University have 'utilised lightweight bricks for the 
sampling of stream faunas (Hamilton, 1970; White, 1970; Farr- 
Cox, 1972). Recent Macan has been experimenting with 
plastic substrates (Macan, 1973; Macan and Kitching, 1972). 
Glass and plastic plates are in common use in the study of 
periphyton (Newcombe, 1950; Cooke, 1956; Sladckova, 1962; 
Kevern et al, 1966; Patrick, 1968; Tippett, 1970; Brown and 
Austin, 1973). 
For this study various materials were tested in the field 
to determine their suitability for use in the collection of 
snails. The objects tested included: large unevenly shaped 
pieces of liriiestone, lightweight bricks, milk bottles, 50 x 3a cm 
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polythene bags weighted with some small stones, metal 
sheets folded into castellated form and wooden trays made 
of three slats of rough packing case wood, These objects 
were lowered on nylon cord to a depth of three meters in early 
Nfay and examined at weekly intervals for five weeks to 
determine the rate of colonisation. This was related to the 
development of a periphyton film as expected (Moon, 1935; 
Hunter, 1953). Two of each type were tested and all appeared 
to be colonised by periphyton at a similar rate. 
The pieces of limestone were readily colonised by both 
periphyton and snails, but it was decided not to use these in 
baskets as there was a danger of damaging the shells of the 
animals collected. Lightweight bricks also supported a 
reasonable number for their size but were not used for two 
reasons. Their small size meant that a large number of bricks 
would have been needed to provide adequate numbers over the 
whole depth range and the size hole running through the bricks 
was clearly size selective. The milk bottles were included 
to provide a glass surface. This appeared to be unsuitable 
because a large number of animals were lost during their 
recovery. The polythene bags provide large numbers of easily 
recoverable animals in good condition, but unfortunately did 
not provide a constant surface area due to folding and tearing. 
The folded metal sheets provided small numbers of snails,, 
although they supported large numbers of the planarian 
Dugesia lugubris, the leeches, Glossiphia complanata and 
Erpobdella octoculata and trichopteran larvae of the family 
Limnephilidae. These metal sheets were also much lighter 
in colour than the underlying substrate and would have been 
discounted for this reason. The wooden trays were the best 
of the substrates tested supporting a rich growth of periphyton 
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and large numbers of snails of both the lymnaeid species that 
were known to dominate the gastropod fauna of this reservoir. 
The animals were, easily removed and were in good condition, 
-,, On raising these trays they were seen to lift clear of the 
substrate and glide up to the surface. This removed the danger 
of any appreciable portion of the animals attached to the trays 
being dislodged by mechanical abrasion. Some animals were 
still lost, the maximum field estimate was 8%. 
It was decided to use wooden trays provided they were not 
size selective for the two Lymnaea species. The two wooden 
trays were returned to the water at a depth of 1.0 m b. t. w. 1. 
These trays were lifted again after a further two weeks and 
the snails on them removed and placed in jars of water for 
transporting to the laboratory. At the same time and in the 
same depth of water two half minute net collections were made. 
L. pe regra was not taken in sufficient numbers to enable a 
meaningful comparison. The results for L. stagnalis show a 
close resemblance. Both populations are bimodal with means 
of 16.0 mm and 27.6 mm for the tray samples and 16.9 mm and 
26.8 mm for the net cdlections (Table 27). With such a close 
similarity it was assumed that there was little or no size 
selectivity caused by the use of the wooden trays. The size 
tray in this early work was 40 cm x 35 cm and it was decided 
to reduce this for the routine work in view of the larger 
number of trays that were going to be used and the greater 
ease of handling afforded by the smaller size. 
Sample type Hand Nets Voodern Trays 
Cohort 1. 
No. in sample 136 79 
Range of lengths (mm) 10.0-23.0 8.0-23.0 
Mean length (mm) 16.9 16.0 
Standard deviation (mm) 2.8 3.2 
Cohort 2. 
No. in sample 86 40 
Range in lengths (mm) 23.0-34.0 23.0-32.0 
Mean length (mm) 26.8 27.6 
Standard deviation (mm) 2.2 2.3 
Total 
No. in sample 222 119 
Range in lengths (mm) 10.0-34.0 8.0-32.0 
Mean length (mm) 20.7 21.3 
Standard deviation (mm) 5.7 6.0 
Table 27. Summary of size data for comparison of samples taken 
by hand net and wooden sampling tray at Upper 
Litton Reservoir on 25 May, 1971. 
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ROUTINE SAMPLING 
In June 1971 twenty trays we re made of rough packing 
case wood with the dimensions as shown in Pig. 19. Three 
slats 7.5 cm x 28.5 cm were nailed across two supporting 
pieces 2.5 cm x 2.5 cm x 32 cm long. These formed a flat 
tray 32 cm long by 28.5 cm wide with two gaps 4.5 cm wide 
in its surface. A piece. of limestone was tied to the central 
cross piece and a long string tied to this, on which to hang 
the tray in the water. In late June these trays were laid 
in the sample area to form three vertical rows approximately 
six meters apart and five horizontal rows each suspended a 
meter further from top level "Plate 4). The angle of the 
shore meant that these horizontal rows were approx. 1 meter 
apart in terms of the distance travelled by the waters edge 
as the water level changed (Fig. 22). The top horizontal 
row was at a depth of 0.5 m b. t. w. l. The top end of each 
string was marked with a white labelled tag. The trays were 
always laid in ascending order and raised in descending order 
so as to minimise the disturbance of those trays that were in 
the water. After a period of six weeks (allowed for the 
colonisation of the periphyton) the trays were raised in late 
July 1971. Subsequent to this the trays were lifted once a 
month. When a tray was removed from the water it was placed 
on a large white plastic tray and all the snails on it trans- 
ferred to a labelled container full of water for transporting 
to the laboratory. In August 1971 the water level started to 
fall and it was decided to extend the lines of trays into 
deeper water. An additional five horizontal rows of trays 
were laid in late August extending the system to a maximum 
depth of six meters b. t. w. l. In autumn 1972 the water level 
was so low that the system of trays was completely exposed. 
Because of the low water level the size frequency 
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collections of two minutes duration. 
In the laboratory each individual was measured for shell 
length (measurement 'a' in Fig. lO) and shell width (measurement 
'b' in Fig. 10). Both these measurements were taken for the 
first two months of this study after which the correlation 
between the two was found to be so close (Fig. 10) that subse- 
quently shell length alone was measured. These measurements 
were made using a micrometer eyepiece for the small individuals 
(less than 8mm) and vernier calipers for larger animals; all 
measurements being made to the nearest half millimeter. All 
readings were recorded treating each tray as a separate unit. 
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LIFE CYCLE 
Lymnaea stagnalis - Results 
The population sampled in July 1971 was bimodal showing 
the recruitment of a new cohort (the summer cohort of 1971). 
The population was composed of three age groups: the oldest 
group was represented by a few large and dark individuals 
(Berrie, 1965); a middle size group (14.0 - 30.0 mm) and 
the newly hatched cohort (Fig. 25). The latter two groups 
were indistinguishable on shell colouration. In August, 
the dark older generation were still represented by a few 
individuals, whilst the other two groups had merged to form 
a single size group. By September the older cohort had 
disappeared and the population was unimodal, as was the 
population in the two succeeding months. There was some 
recruitment throughout the autumn. In December., there was 
an increase in recruitment and the small number of young 
animals present made the population bimodal. In January 
recruitment continued, reaching its peak in February and had 
finished by April. Thus from December 1971 onwards the 
population was bimodal with the summer cohort of 1971 and 
the "winter cohort" also. This "winter cohort" continued to 
be distinguishable in size until May 1972 when the population 
assumed a unimodal distribution. However the individuals of 
the summer 1971 cohort were distinguishable by their darker 
shell colouration (Berrie, 1965). A few of the summer 1971 
cohort were still present in June 1972 but had disappeared by 
July. In June 1972 the population was unimodal but in July 
and August although the "winter 1971 cohort" continued to 
dominate., some animals of a smaller size were taken. These 
smaller animals were not just freshly hatched individuals as 
one would expect but also in the middle size range (12.0 - 24.0 mm) 
In September the "winter 1971 cohort" was reduced in important 
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and a new cohort had appeared wits a large recruitment to 
the population. In November the population was bimodal, 
with a small number of large animals derived from the "winter 
1971 cohort". the main bulk of the population was made up by 
the summer cohort of 1972. The samples for September and 
November were taken by hand nets, as the water level was about 
5 meters b. t. w. l., in September and at its lowest level, 
7.3 meters b. t. w. l..., in early November 1972. The snail 
population at these times was very low in numbers. After 
November the water level rose rapidly to fill the lake and 
subsequent samples were taken using the sampling system of 
trays. 
In January 1973 the population was unimodal with a 
large recruitment # although a few survivors of the previous 
cohort were still present. The population remained unimodal 
throughout the first six months of 1973, the last members 
of the previous cohort being observed in April 1973. 
Egg masses attached to the trays were also collected and 
Table 28 gives details of the numbers taken in relation to 
time of year and also depth of water. From these results 
there is clearly a single prolonged spawning season commencing 
in March and continuing through the summer months to August. 
Egg masses were also taken over the whole depth range sampled 
(max. depth 5.9 m b. t. w. l. ) although the numbers taken 
appeared to decrease with increasing depth. Egg masses kept 
in the laboratory required a maximum of twenty one days for 
hatching to occur. Egg capsules of L. stagnalis taken in the 
field were normally in excess of 18 mm length and contained 
between fifty and one hundred and forty individuals. There 
were a few exceptions to this, these capsules being between 10 
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Table 29 . Summary of size and growth data for the summer cohort 
of 1971 for Lymnaea stagnalis from Upper Litton Reservoir. 
Sample No. in Range of Mean Std. Size Growth Date sample lengths length dev. increase rate 
(mm) (mm) (mm) (%) (mm/week) 
1971, 
27 July 
," 134 2.0-28.0 16.4 9.1 - - 
24 Aug. 188 1.0-32.0 19.5 5.7 18.9 0.77 
28 Sept. 509 2.0-34.0 19.7 4.7 1.0 0.05 
26 0ct: 435 4.0-34.0 15.7 5.0 -20.3 -1.00 
25 Nov., 397 4.0-34.0 17.0 5.2 8.3 0.32 
21 Dec. 582 10.0-34.0 18.5 5.1 2.9 0.12 
197 2 ý., _ .. 
28 Jan. 408 11.0-34.0 18.5 3.5 nil nil 
28 Feb. 218 12.0-30.0 20.2 - 9.2 0.42 
30 Mar. - 99 13.5-34.0 21.3 3.5 5.4 0.27 
24 Apr.. 86 17.0-34.0 23.9 2.8 12.4 0.85 
25 May 25 24.0- 34.0 28.8 2.4 20.5 1.22 
Table` 30 . Summary of size and growth data for the " winter cohort" 
of 1971 for Lymnaea stagnalis from Upper Litton Reservoir. 
Sample Noo in Range of Mean Std. Size Growth Date Sample lengths length dev. increase rate 
(mm) (mm) (mm) (%) (mm/week) 
1 971 
21 Dec. 126 2.0-10.0 6.2 2.0 
1972 
28 Jan. 212 2.0-11.0 6.5 1.7 4.8 0.07 
28 Feb. 262 2.0-12.0 6.6 2.0 1.5 0.02 
30 Mar. 62 4.0-13.5 8.0 1.7 21.2 0.35 
24 Apr. 32 8.0-17.0 13.1 2.4 63.8 1.45 
25 may 29 12.0-29.5 22.6 3.0 72.5 2.37 
21 June 47 18.0-36.0 29.5 3.0 29.2 1.65 
19 July 53 8.0-38.0 26.5 8.0 -9.2 --0.67 
30 Aug. 34 10.0-4 2.0 28.8 6.9 8.7 0.57 
25 Sept. 44 20.0-42.0 30.8 5.6 6.9 0.50 
3 Nov. 15 30.0-38.0 34.7 2.2 13.6 1.05 
Table 31 . Summary of size and growth data for the summer and 
winter " cohorts " of 1972 for Lymnaea stagnalis 
from Upper Litton Reservoir. 
Sample No. in Range of Mean Std. Size Growth 
Date sample lengths length dev. increase rate 
(mm) (mm) (mm) (gyp) (mm/week) 
Summer, Cohort. 
1972 
25 Sept.. 52 1.0-20.0 4.0 2.4 - - 
3 Nov. 88 6.0-30.0 19.4 5.3 388.0 2.82 
3 Jan. 13 14.0-22.0 15.4 4.1 -21.0 -0.45 
30 Apr. rt 3 26.0-32.0 28.6 1.4 85.8 0.78 
Winter Cohort. 
197-3 
3 Jan. 189 0.9-14.0 3.1 1.4 - - 
19 Feb. 68 1.0-12.0 4.3 1.4 38.7 0.18 
30 4r" 56 4.0-26.0 9.4 2.6 11.8 0.51 
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Fig. 25 . Lymnaea stagnalis from Upper Litton Reservoir . 
Size 
frequency distribution as percentage of sample in each 
4 mm size group. Mean size and standard deviation are 
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Fig. 26 . Lymnaea stagnalis from Upper Litton Reservoir . Size 
frequency distribution as percentage of sample in each 
4 mm size group. Mean size and standard deviation are 
also represented. 
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Size and growth data are summarised in Tables 29,30 
and 31 and Figs. 25 and 26. For the summer cohort of 1971 
growth was consistent throughout with two notable exceptions; 
in October a period of negative growth was recorded, this was 
also the period of maximum drawdown in 1971; and in January 
1972 no growth was recorded for this cohort at a time 
associated 
with a return to top water level and also the 
appearance of a "new cohort". The "winter cohort" of 1971 
again showed consistent growth throughout with the highest 
growth rates associated with the late spring and early summer 
months. Negative growth was recorded for this cohort in 
July, when the lake level had started to fall and this is 
also a time of high. egg mass production. The growth rates 
recorded for the period between July 1972 and January 1973 
were irregular and during this period the water level feel 
from 1mb. t. w. l., to 7.3 m b. t. w. l., and then returned to 
top water level (Pig. 23). The growth recorded for the 
"winter cohort" of 1972 was consistent throughout the first 
' six months of 1973 with the highest growth rates associated 
with the late spring and early summer. The maximum size 
recorded for this reservoir was an individual measuring 
50.0 mm shell length. 
Lymnaea stagnalis - Discussion 
The life cycle of this species has previously been 
described as univoltine (Berrie, 1965; Brackett, 1946; Buse, 
1971; Campion, 1956; De Coster and Persoone, 1970). Several 
workers have recorded the presence of both egg capsules and 
young in May, June and July (Berrie, 1965; Brackett, 1946; 
Campion, 1956; Buse, 1971, Schrubsole, 1941b) whilst De Coster 
and Pe rsoone (1970) in a study of this species from Ghent in 
Belgium found recruitment occurring in the period from June 
till October. 
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In this study recruitment of small individuals to the 
population was observed at two times of the year: in the late 
spring and early summer and in mid-winter (December to February) 
although no egg masses were observed during this latter period. 
In interpreting the size frequency data the changes in water 
level during this two year study must be considered (Fig. 23). 
In 1971 the lowest level reached was 3 meters b. t. w. l., the main 
fall in level occurring during the period from early August till 
late October, the water level returned to top level in the last 
two months of that year. In 1972 the water level fell 7.3 
meters in the period from the start of July till the end of 
October, again returning to top water level in the last Iwo 
months of the year. Thus in 1971 the mean rate of decline 
in the water level was 23 cm per week, with a mean recovery rate 
of 37.5 cm per week, as compared with a mean mte of decline 
of 45.7 cm perwleekin 1971 and a mean recovery rate of 91 cm per 
week. These figures mean that not only was a greater area 
exposed in 1972, but also that it was exposed at a faster 
rate. The effect of this faster rate of change on the 
population was evident in the field with large numbers of 
animals being stranded in 1972 particularly on areas of low 
gradient (Plate 5). In such areas the numbers stranded may 
be as great as 2000 per square meter. This difference in 
the severity of the water level fluctuations experienced is 
also evident in the difference in the size frequency data for 
the two years. In 1971 a considerable number of larger 
animals survived the period of low water level and these animals 
were still present in June 1972. 
In 1972 the more severe conditions meant that the water 
level had started to fall before the young animals started to 
appear in the samples. Young animals were not present at a 
greater depth (4.5 meters b. t. w. l. ) until late September. 
It is possible that the anoxic conditions existing beneath the 
thermocline may have retarded the development of these 
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egg masses, until the thermocline either receded with the 
declining water level or was broken up by the deteriorating 
weather conditions. Summer recruitment was only observed 
in September of 1972. When the water returned to top level 
at the end of 1972 it was noticeable that the largest animals 
present measured 22.0 mm as compared with 34.0 mm at the same 
time the previous year. The vast majority of the animals 
present at the start of 1973 were of small size (less than 
8.0 mm) and were new recruits to the population. 
As has already been said, most previous workers have des- 
cribed this species as having a simple annual life cycle with 
a single generation per year, although Berrie (1965) and De 
Coster and Persoone (1970) both found a small number of 
individuals surviving for a second winter. Kunkel (1908) and 
Bondeson (1950) both described this species as having a two 
year life cycle, whilst Fromming (1956) stated that members 
of this species could live for at least four years. In this 
study, if the presence of absence of egg capsules is taken as 
the sole indicator of breeding, the population has 
.a 
simple 
annual life cycle with a single extended breeding period each 
year. However examination of the size frequency data indicates 
that this species has two periods of recruitment each year 
and that in years with an extensive range in water level fluc- 
tuations there are two cohorts with complete replacement, of the 
summer cohort by the "winter cohort". In years with a small 
range of water level fluctuations the summer cohort survives 
until the following summer, the winter recruitment being 
reduced in importance. There are two possible explanations for 
for this data. The first assumes that a second period of egg 
production occurs but was not observed during this study. 
The winter generation may be normal for this species in the south 
of this country but unpublished observations by Berrie (pers. 
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comm. ) indicated a univoltine life cycle for a population 
near St; Albans. This winter breeding may have been stimul- 
ated by the re-immersion of the animals surviving exposure. 
Such an effect has been observed in several species of snail 
concerned with the transmission of bilharziasis (Oliver and 
Barbosa, 1955; W. H. O., 1957; Chu, Massoud and Arfea, 1967; 
Odei, 19671 Sturrock and Sturrock, 1970) but this aspect 
has not been studied in temperate species. A winter period 
of reproduction seems unlikely as no egg masses were observed 
during the winter months. Reproduction at this time of year 
would be outside the normall accepted temperature range for 
this species (Boycott, 1936; ? Donald, 1969; Van der Steen, 
1967) 
3, although Berrie's data for 1958 
(Berrie, 1965) shows 
that he found animals of less than 4.0 mm shell length to 
be present in January with a mean minimum recorded temperature 
of O. 0°C for the months of December, January and February. 
De Coster and Persoone (1970) also observed individuals of 
less than 3.0 mm shell length to be present in December in 
their study in Belgium with a recorded water temperature of 
3.2 - 5.0°C. In both the above-mentioned studies there was 
little change in water level and no egg capsule production 
observed. Indeed Berrie (1966) also examined the histological 
state of the animals in his population and found no evidence 
of reproductive activity at this time of year. 
The alternative interpretation of the size frequency data 
does not require a winter breeding season. From the field 
data on survival of exposure it can be seen that in L. stagnalis 
a period of exposure favours the survival of young individuals 
of small size. All the field survivors observed had a shell 
length of less than 4.0 mm whilst those of length greater than 
20.0 mm died within the first few days of exposure. The 
reasons for this difference are discussed below., here it is of 
- 86 - 
importance only to note that egg capsules (Chernin and 
Alder, 1967; Bayne, 1968) and larger animals are intolerant 
of exposure. In view of this the size frequency data for 
the winter months may be explained in relation to the changes 
of water level experienced in the preceding months. The 
population will be composed of those animals that have remained 
in the water throughout., combined with those animals that were 
stranded by the falling water level and have survived the 
period of exposure. Assuming a cessation of growth during 
exposure the size of the survivors will depend upon the time 
at which the water level fell, the state of the population at 
that time and the duration of the exposure. In 1971 the 
change in level was slower and over a narrower range than the 
average for this lake and a higher proportion of the population 
remained in the water throughout the latter half of 1971, as 
compared with the following year. In 1971 the water level 
did not change markedly until most of the young snails had 
emerged and as the water level fell the mean size of the 
population increased as the smaller less mobile animals were 
stranded. With the rising level at the end of 1971 the 
re-immersion of the stranded areas led to the emergence of 
large numbers of small animals. These grew rapidly to breed 
at the same time as those animals that had remained in the 
water throughout. 
In 1972 the water level fluctuations were not only more 
extensive but also more rapid. The main fall in level commenced 
a month earlier than in 1971. A number of freshly hatched 
individuals appeared in September, but by November the population 
in the water covered a wide size range, with very few animals 
of small size (Fig. 26). At the start of January 1973 soon after 
the water had reached top level,, the population. as completely 
dominated by animals of small size apparently having just 
hatched. The egg capsules have not been found to tolerate 
I 
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dry conditions and therefore these small individuals would 
appear to be those animals that were stranded and had survived 
the period of exposure. The lack of large animals in 
January 1973 may be attributed to the high mortality that 
occurred during the period of falling water level and the 
subsequent exposure. The few animals that had remained in 
the water throughout this period would have been greatly 
dispersed when the level rose to top level, as this repres- 
ented an increase of at least double the lake volume present 
at lowest level. 
The data available would seem to indicate that in Upper 
Litton Reservoir L. stagnalis has an annual life cycle with a 
single generation each year. The earliest members of this 
cohort will follow a normal pattern of growth if they remain 
in the water throughout the year or if stranded will almost 
certainly die. The later hatching individuals are more 
more likely to be stranded, but will survive to continue their 
development in mid-winter, when they are reimmersed. Spawning 
appears to be restricted to a single period lasting from late 
March till late September. It is of interest to note that 
the timing, duration and rate of changes in water level have 
a marked, predictable effect upon the age structure as well 
as the density of the population, as measured by numbers per 
meter squared. 
The rates of growth for the various groups of animals 
encountered in this study are consistently higher than those 
recorded by Berrie (1965) for a population in Scotland. This 
is not unexpected as in Scotland this species is at the northern 
limit of its distribution in this country,, where as in Somerset 
this species is well within the limits of its distribution. 
This regional variation in growth is similar to that observed 
for Physa fontinalis (Duncan, 1959), the more northerly 
populations spawning later in the year and subsequently having 
a slower rate of growth, attaining a smaller adult size. 
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DEPTH DISTRIBUTION OF LYMNPEA STAGNALIS 
Results 
For the first eight months of this study L. stagnalis 
was taken in numbers large enough to permit an analysis of 
size frequency distributions in relation to depth. These are 
represented in Figs. 28 and 29 as the percentage of the numbers 
taken at each depth in each of twelve 4.0 mm size groups. 
This percentage of the total numbers taken each month present 
on each horizontal row of trays was also calculated and is 
demonstrated in Fig. 27. 
In July 1971 the greatest proportion of the population 
was at a depth of 1.5 meters with a reasonably even size dis- 
tribution through the depth range sampled. In August there 
was a tendency for the deeper rows of trays to have populations 
with a larger mean size than those higher up the shore and by 
September with a fall in water level to 3.0 m b. t. w. l., this 
tendency was confirmed, almost all the animals of less than 
12.0 mm length being confined to the top row of trays that 
were in the water. The greater proportion of the September 
population was present on the second row of trays below the 
water surface. By the end of October the water level had 
risen to 2.0 m b. t. w. l. but very few animals were present on 
the trays re-immersed by this increase in level. Again an 
increase in mean size was noted with increasing depth. At the 
time of sampling in November the lake level had risen to 1-, 0 m 
b. t. w. l., but little upshore movement had taken place the 
population still being confined to the area below the low 
water level, however there now appeared to be little difference 
in mean size of population down the shore. In December the 
upper layers had become populated, although the largest numbers 
were still to be found below the previous low water level. 
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Pigs 27 . Lymnaea stagnalis - Percentage of sample occuring on 
each horizontal row of sampling trays . The water 
level at the time of sampling is indicated. 
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Fig. 28 . Size frequency distribution of Lymnaea stagnalis at 
each depth for 1971 . 
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Fig. 29 . Site frequency distribution of Lymnaea stagnalis 
at each depth for the period November 91971 to 
February , 1972 " 
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The populations of the top two rows of trays were largely 
composed of smaller individuals, a characteristic which 
became more apparent in subsequent months,, although some 
spread of these smaller individuals into the depths was 
also noted. By the end of January the greatest number of 
animals were to be found in the upper region of the shore 
and this was even more pronounced in February when almost 
50% of the animals taken come from the top row of trays. 
Discussion 
The changes and trends in the size frequency distribution 
of L. stagnalis with depth are of interest, when considered 
in relation to thermal stratification of the water column and 
the movement of the waters' edge up and down the shore. 
The thermocline did not develop until late July 1971 
(Fig. 21) and at that time there was little noticeable change 
in the distribution of this species over the top 3.5 meters 
of the water column, although there was a marked subsurface 
peak in the numerical distribution (Fig. 27). This subsurface 
peak may have resulted from the higher temperature of the 
surface waters or from an earlier lowering of the water level 
in late May of 1971 causing a concentration of this species at 
this depth prior to an increase in water level in early July. 
In August the tendency for the deeper rows of trays to support 
populations of a higher mean size became marked at 3.0 m 
b. t. w. l. This correlates with the presence of an oxycline 
and in particular with a change in percentage oxygen saturation 
of the water from 605V at 3 meters to 10% at 4mb. t. w. l. (Fig. 
21). In September, the water level had fallen still further 
and the population of the top row of trays in the water was 
markedly different from the rest with a higher proportion of 
small animals present. This difference is probably due to the 
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passive movement down the shore of a certain number of animals, 
and that in spite of the improved oxygen tensions at lower 
levels these animals had not had time to disperse through the 
water column. This movement down the shore is also evident 
from the subsurface peak in numbers. By October this peak 
had moved further down the shore, whilst the disparity of 
size down the shore still existed. A few animals had 
appeared on the recently submerged trays and this number had 
not increased by the following month when the level had risen 
still further. It is interesting to note the peak in numbers 
associated with the lowest water level experienced during this 
period. This peak was still detectable four months later in 
February 1972, although much reduced in importance. The lake 
reached top water level in December and here was a general 
movement up the shore, so that by February almost 505 of the 
total numbers taken were from the top row of trays. The 
upper layers again exhibited a smaller size in both December 
and January with the appearance of the survivors of the period 
of exposure. In February the main bulk of the population 
was concentrated in the top 3.5 - 4.0 m b. t. w. l., with only 
a few animals occurring below this depth. This mid-winter 
grouping in the surface waters conflicts with the observations 
of previous workers that this and other species migrate off- 
shore in the winter (Chaetum, 1934; Hunter, 1953a and b; 
Lilly, 1953; Cleland, 1954). 
The stratification of size associated with the presence 
of an oxycline is difficult to explain. Jones (1961) stated 
that the metabolic rate of smaller individuals of L. stagnalis 
and Planorbarius corneus was higher then that of larger specimens 
and this might explain the restriction of the young animals to 
the shallower better oxygenated water. It is also possible 
that the poor oxygen conditions at lower levels has a detri- 
mental effect on the development of the eggs of this species 
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thus preventing the appearance of young in the deeper 
regions. The presence of animals in regions of poor 
oxygen tensions, especially the presence of larger animals, 
conflicts with the observations of Hunter (1953 a) for 
a population of L. perepra in Loch Lomond. With an increase 
in temperature the larger animals in his population congreg- 
ated in the shallow margins of the lake, whilst the newly 
hatched animals were concentrated in deeper offshore water. 
The larger animals in Loch Lomond apparently entered the 
shallow water because of a higher oxygen requirement than the 
young animals, as in the shallows there was little or no food 
available. In this study the dense growth of Fontinalis 
throughout the depth range examined suggests that no such 
shortage would occur. The ability of large L. stagnalis 
to tolerate poorer oxygen conditions than adult L; peregra 
might be due to a more complete adaptation to the aquatic 
mode of life in L; stagnalis, (Hunter, 1953 a; 1964) and hence 
its ability to maintain a measurable uptake of oxygen even in 
extremely poor conditions (Jones, 1961). Pulmonary exchange 
is not essential for the survival of this species as was shown 
by Pauly (1877) who kept an experimentally submerged L, stagnalis 
alive for 91 days. This species has also been recorded from 
the abyssal region of Lake Geneva at a 'depth of 250 meters and 
was recorded as having the pulmonary cavity full of water 
(Forel, 1869). Indeed Alberts (1966) showed that in 
Lymnaea natalensis the presence of'gas in the pulmonary 
cavity was not essential, although it was necessary for the 
animal to maintain proper buoyancy, as was shown by the survival 
of a number of this species, that were kept under an atmosphere 
of nitrogen for long periods. 
Individual L; stagnalis of all sizes were examined in the 
field for the presence of gas in the mantle cavity. All the 
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animals were examined before they were removed from the lake 
water and all contained a gas bubble, regardless of their 
size or the depth from which they were collected. Large 
L stagnalis are able to tolerate very low oxygen tensions in 
the field. It is possible that the adult animals are found 
at depth in the summer as they are ttilising a food supply 
away from competition with the smaller animals of the same 
species. In the winter with the exhaustion of the food 
material at depth the animals migrate into shallower water 
where food is still available. 
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SURVIVAL OF EXPOSURE 
Sampling 
On 20 September 1972 four 0.05 square meter quadrats 
were taken at each of three levels on the exposed shore in 
the area of the sampling station. These samples were 
removed to the laboratory where the vegetation and substrate 
surface of each was examined for snails, all of which were 
removed (including empty shells) and placed in water. After 
twenty four hours the number of live snails was counted as 
was the number of empty shells. The specimens of L. stagnalis 
split into two categories; less than 4.0 mm shell length 
and greater than 20.0 mm shell length. After examination 
the substrate was placed in water and examined after twenty 
four hours for the emergence of any further survivors : none 
were found. 
Results 
The results of a limited number of field samples taken from 
above the water line to establish the survival rate of 
L. stagnalis in the field are given in Table 32. The 
L. stagnalis collected were separated into two obvious size 
groups, one of shell length less than 4.0 mm and the other 
with shell lengths in excess of 20.0 mm, and these are treated 
as two separate groups in Table 32. A number of egg masses 
were also found that these did not recover on being placed in 
water, even in the most recently exposed specimens. 
On examination of the samples to determine the position 
of the surviving snails within the sample it was observed that 
the snails measuring in excess of 20.0 mm were usually resting 
on the surface of the sample, whilst the smaller specimens were 
normally hidden amongst or beneath the fronds of the Fontinalis. 
Depth 
b. t. w. l. (m) 
Duration of 
exposure (days) 
Shell No. Alive 
length 
less than No. Dead 
4.0 mm 
age Surviving 
Shell No. Alive 
length 
less than No. Dead 
20.0 mm 
vage Surviving 
Egg Masses No. Tested 
No. Recoveries 
2.9 3.8 4.3 
25 10 3-4 
2 158 38 
100 100 100 
- 12 
10 18 6 
- - 66.6 
_ 8 21 
Table 32. Summary of data on field survival of Lymnaea 
stvpnalis from Upper Litton Reservoir on 
20th September, 1972. All numbers are given for 
an area of 0.2 square meters. 
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No large animals were found surviving for more than seven 
days, field exposure. The small animals from all the samples 
taken all recovered on being placed in water. 
Other species found in these samples included dead 
specimens of L. peregra, Segmentina complanata and Gyraulus 
crista. One live specimen of G. crista was found after 
twenty five days exposure, put apart from this single 
exception L. stagnalis was the only species found surviving 
exposure in this lake. 
Discussion 
The variation in ability to tolerate exposure to drying 
conditions in L. stagnalis is interesting. The complete 
intolerance of the egg capsules has been reported elsewhere 
for L. stagnalis (Bayne, 1968) and for other pulmonate species 
(Barlow; 1935; W. H. O., 1957; Sturrock, 1970). 
The presence of L stagnalis in considerable abundance in 
this lake and also the ability of this species to tolerate 
exposure is somewhat surprising as most previous workers have 
agreed that this species is intolerant of drying conditions 
(Motley_, 1936; Shrubsole, 1941 a; Klimowicz, 1959) although 
Klimowicz (1959) does say that this species was found to occur 
in a few water bodies of a temporary nature. Boycott and 
Oldham (1941) have recorded this species from dew ponds of 
the Wiltshire Downs. Shrubsole (1941 a and b) found it in 
association with L. peregra and G, crista in another downland 
pond, which was liable to a period of dryness during the summer 
months. During one period of com lete dryness he failed to 
to find any live animals but observed that "scores of adult 
L. stagnalis were lying on the dried mud", a condition not 
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dissimilar to that observed at Upper Litton Reservoir in 
late 1972. (Plate 5). 
The difference in survival with increasing size is also 
8 , little surprising as studies of the schistosome bearing snails 
have generally concluded that the ability to survive dry 
conditions increases with increasing body size (Chu, Arfaa and 
Wassoud, 1967; Sturrock,, 1970) Hire, 1968; Cridland, 1967 a and 
b; A Lo, 1967). There is however one report that disagreed 
with this concept. Olivier and Barboss (1955) found that in 
the shade of vegetation on a mud surface the highest survival 
rate was recorded amongst the smaller animals. In view of 
the clearly defined difference beeween small and large animals 
in this study and the disagreement this shows with previous 
studies it would appear unlikely that it is due to a difference 
in the physiological tolerance to desiccation with size. 
Indeed, when one considers the relationship between body size 
and surface area one would expect the larger animals to lose 
proportionally less water on exposure to drying conditions 
and therefore to be better adapted to survival. It would 
therefore seem more likely that a physical or behavioural 
difference could be responsible. There have been several 
references in the literature to the presence of sheltered 
conditions., in the form of vegetational cover, affecting 
survival rates for the schistosome snails (Olivier and Barbosa, 
1955; Chu, Massoud and Bijan, 1967; Hire, 1968; Paperna, 1968; 
Sturrock, 1970) whilst, several workers have observed this to 
be true for several of the species of aquatic snails found in 
this country (Strandine, 1941; McMillan, 1943; Ken<, 1949; 
Lilly, 1953). Subsequent observations showed that in the 
field one seldom observed individuals of less than 15.0 mm 
shell length crawling across the surface of a growth of 
Fontinalis and that the only occasions on which animals of a 
small size were observed at the water surface was when they were 
Plate 5. Upper Litton Reservoir - Lymnaea st agnalis stranded 
by a fall in water level. The footprint was 37 cm 
long. 
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attached to the shill of a larger animals. Following these 
observations, a tank (measuring 92 x 38 x 30 cm) was established 
in the laboratory containing an area of Fontinalis growth 
and' associated substrate, which had been removed intact from 
Upper Litton Reservoir. This tank was maintained with aerated 
water and illumination from plant rearing lights on a basis 
of the normal daylight hours (16 hours light) then existing. 
Into this tank were introduced twenty animals in excess of 
10.0 mm shell length and approximately one hundred small 
animals (less than 1040 mm shell length). Casual observations 
were made over a period of six weeks at various times of the 
day and night. The position of any animals on the surface of 
the weed, attached to the tank sides or the surface film was 
noted. The results of these observations may be summarised 
es follows: - on only six occasions were any of the large 
animals observed actually in amongst the tightly packed 
Fcntinalis, these individuals usually being observed on the 
sides of the tank., the water surface, or grazing across the top 
of, the Fontinalis. The vast majority of the smaller animals 
were usually hidden from view, the greatest number observed 
at any one time was twenty three, the mean number for some 
193 periods of observation being thirteen. Of the 193 obser- 
vations made some 37 were made during the hours of darkness and 
no marked difference in the distribution of animals in the tank 
was observed. 
The survival of the young animals at Upper Litton Reservoir 
would therefore appear to be due to the amount of time these 
individuals spend grazing amongst the fronds of the Fontinalis, 
so that on the removal of the water these animals are trapped 
in amongst the collapsing vegetation. Such entombing would 
ensure that these animals are enclosed in a more favourable 
microclimate than the larger animals that apparently spend the 
majority of their time grazing across the surface of the beds of 
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Fontinalis. This difference in special distribution between 
the two size ranges included in this tank is probably a physical 
effect related to the increased energy requirements imposed on 
the. large animals, when moving through a dense growth of 
vegetation. This difference in activity may also include a 
behavioural element in that the small snails are probably more 
liable to predation by the fish population of the lake and that 
predation may be acting selectively to increase this difference 
in spacial distribution. Unfortunately it was not possible to 
examine the stomach contents of any fish from this lake, 
although there have been reports of the trout rattling because 
of the number of snails they have eaten (Nbrgan, pers. comm. ). 
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EXPERIMENTAL INVESTIGATION OF THE TOLERANCE OF 
L. STAGNALIS TO DESICCATION 
INTRODUCTION 
This experimental investigation was not intended as an 
exhaustive study of this aspect of the biology of L. stagnalis 
but rather as an . investigation of a 
few aspects in support of 
the field data. The main factors to be investigated were the 
reaction of both large and small individuals to exposure to 
different humidities. The effect of the presence of plant 
material on the survival of thelyoung animals only. The large 
animals were not tested in this respect as field and laboratory 
observations indicated that the presence of plant material was 
of little importance in the survival of larger animals in the 
field. It was also considered of interest to investigate 
the effect of temperature on the mortality rate of snails 
exposed to dry conditions and also any associated changes in 
weight. 
Any attempt at an extensive analysis of the factors 
affecting the tolerance of desiccation by L. staqnalis in the 
laboratory seemed unwise, as the results gained from such studies 
are seldom applicable to the field situation. These difficulties 
are evident, when the numerous studies of the snail vectors of 
bilharzia are considered. Work on these animals has covered 
the last half century and the current state of knowledge is 
still at the stage of summarising the observed data rather 
than the interpretation of this data and its significance in 
understanding the biology of the snail species involved. As 
early as 1935 Barlow recognised the difficulties of extrapolating 
from laboratory results to the field situation and it is not 
intended to review the extensive literature concerning the vector 
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snails of bilharzia here as the relevant aspects of this 
work will receive attention in the discussion. 
Previous work dealing with the ability of L. stagnalis 
to tolerate dry conditions has largely been confined to field 
bbservations (Zhadin, 1926; Koljakov, 1919 Chaetum, 1934; 
Boycott, 1936; Nbzley, 1936; Shrubsole, 1941a), and although 
some of these also refer to laboratory 'observations (Zhadin, 
1926; Koljakov, 1929; Chaetum, 1934), only one study has been 
confined to laboratory work (Precht, 1939). Studies of this 
aspect of the biology of other freshwater gastropods found in 
the British Isles are more restricted (Cawston, 1929; 
Kolpakov, 1929; Boycott, 1930; Strandine, 1941; Klimowicz, 1959; 
Sazanov, 1968; Katkov, 1968). 
Such information as is available for L. stagnalis is 
contradictory, most workers agreeing that this species is 
poorly tolerant of dry conditions, but field observations 
occasionally associate this species with habitats of a temporary 
nature (Shrubsole, 1941 a; Klekowski, 1959). Chaetum (1934) 
who worked with the american subspecies L, stagnalis appressa 
suggested that different races of this species existed exhibiting 
different tolerances. Such racial variations have also been 
reported for Planorbis planorbis (Klekowski, 1959) and for 
Australorbis glabratus and Tropicorbis centimetralis (Olivier, 
1956). With the possibility of different strains of L, stagnelis 
occurring within the system of lakes studied, the change in 
weight of individual animals was monitored at different temp- 
eratures. Unfortunately, with the exception of Upper Litton 
Reservoir, none of the waters in this system yielded sufficient 
numbers at any one time of year to enable a comparison to be made. 
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DESICCATION EXPERIMENTS 
Experiment 1 
This experiment was exploratory in nature and was intended 
to show if L. stagnalis was capable of surviving out of water., 
in a humid atmosphere, for any length of time. The method 
used was similar to that described by Clampitt (1970). A wire 
grid was covered with a layer of cotton gauze and placed over 
a plastic trough containing water. Fifty L. stagnalis of 
assorted sizes in the range 7 mm to 25 mm were placed on the 
. 
gauze and these covered by an inverted aquarium measuring 
. 
45 cm x 25 cm x 25 cm. Every twenty four hours the snails 
were placed in water for fifteen minutes and any animals 
. 
failing to recover were removed. The live / animals were 
returned to the apparatus. During the experiment, the air 
temperature varied between 15°C and 19.5°C as measured with 
a maximum minimum thermometer. The experiment was terminated 
after 19 days when only one animal remained alive. 
Results 
The percentage mortality is plotted against time in Fig. 30 
which also includes Clampitt's results for two species of Physa. 
There appeared to be little size selectivity in the mortality 
as the last six animals alive ranged in size from 11 mm to 24 mm. 
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Experiment 2 
This experiment was intended to determine the ability of 
individuals of L. stannalis to survive exposure to a temperature 
similar to the highest temperature liable to be encountered in 
the, field (27°). The test chambers used were l. lb. Kilner jars 
, with air tight screw lids. A 50 ml beaker was placed 
in each 
jar and, these beakers were either empty or contained either dry 
silica gel or water. All the snails used were forced to 
withdraw within their shells and to expel the contents of the 
mantle cavity prior to their being placed in the test container. 
This withdrawal was achieved by gentle pressure being applied 
with a wad of tissue paper. Four containers were set up 
containing snails of between 1 and 2 cm shell length and 
-another six with animals of less than 1 cm shell length. The 
larger animals were tested in groups of five, whilst the 
smaller animals were tested in groups of ten. The following 
conditions were used: large snails, two dry chambers (with 
silica, gel) and two humid chambers (with water); small snails, 
two dry chambers (with silica gel), two humid chambers (with 
water), two chambers with no water and open to the atmosphere 
and two chambers completely full of water. These chambers 
were kept at 27°C in an incubator for 4 days. After four 
days the beakers were removed from all the chambers and water 
added. The number still alive was recorded. 
Results 
Live recoveries were only recorded from the chambers 
containing water and animals of less than 1 cm length in which 
16 were still alive and from the dry chambers containing the 
larger animals from which a total of 3 animals recovered. These 
were the only animals that had actually survived out of water and 
it was noted that these animals had firmly attached themselves 
to the glass of the chamber wall. 
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Experiment 3 
L. stagnalis in excess of 2 cm length were used in this 
experiment and had been kept without food for 12 hours. These 
animals were subjected to four different conditions: dry (with 
silica gel),, humid (with water) s in air without water and 
actually immersed in water. Three chambers were used for 
each of these conditions and five snails placed in each chamber. 
As in the previous experiment the animals were carefully dried 
and forced to expel the contents of the mantle cavity before 
being placed in the chambers. At intervals of twenty four 
hours the animals were removed from their chamber and examined 
for a response to stimulation with a needle. The silica gel 
was replaced with freshly dried gel at each inspection, and the 
water replaced with freshly aerated water. The chambers were 
kept in the laboratory, the air temperature of which ranged 
from 14.5 ° and 180C. 
Results 
The numbers of animals surviving are given in Table 33. 
It was noticeable that condensation made the inside of the 
humid chamber damp. 
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Experiment 4 
Weight loss and survival rates were estimated at different 
temperatures in this experiment. All the animals used had 
been. kept without food for twelve hours and were in excess of 2 
cm shell length. All the animals were numbered individually 
with a spirit pen on the body whorl of the shell. The conditions 
were tested, for each of four temperatures (5,10,15 and 25°C). 
Five animals were placed in each of 48 test chambers, after 
being carefully dried (as in Expt. 2) and weighed to the nearest 
0.01 grams, The test chambers were separated into sets of 
twelve, of which six chambers were dry (with silica gel) and six 
full of water. Each set of twelve chambers were placed in 
constant temperature conditions. As described in Experiment 3 
the animals were removed at intervals of twenty four hours and 
examined for a response to a stimulus. The silica gel was 
replaced by fresh gel at each examination. The water was 
replaced with freshly oxygenated water, that had been adjusted 
to the appropriate temperature. At each examination, the 
animals were carefully dried and weighed individually. Separate 
records of successive weighings were kept for each animal. 
The experiment was terminated separately for each temperature 
depending on the number of animals surviving. The survivors 
of the dry conditions in the 5°C test were returned to an open 
dish of water at 5°C and their weight measured at hourly 
intervals. 
Results 
The data for the response to wet and dry conditions at 
different temperatures is given in Figs. 31 and 32. The 
recovery of the 5°C test animals as percentage weight gain is 











Fig. 30 . T22. Expt. 1. Mortality rate of Lymnaea sta. pnalis 
in a humid atmosphere at room temperature. Data for 
Physa integer and Physa gyrina from Clampitt (1970). 
Bo ttom. Expt. 4. Percentage weight gain of L mnaea 
stagnalis in water at 5°C after exposure to dry 














Fig. 31 . Expt. 4. Percentage mortality of Lymnaea stagnalis 
in wet and dry conditions at different temperatures 
( oc ). 
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F'ig. 32 . Expt. 4. Percentage weight loss of Lyrnnaea stagnalis 
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Experiment 5 
All the previous experiments have dealt with larger animals, 
so this experiment was intended to investigate the response of 
small (7 mm) individuals to dry conditions. All the animals 
used in the test were kept in clean water without food for six 
hours before the start of the experiment. The animals were 
placed on absorbent tissue paper for five minutes in order to 
remove any surface water from them and were then placed in 
groups of five in labelled specimen tubes of known weight. A 
total of eighty five animals were used in seventeen tubes. 
All the tubes were reweighed and then placed in an incubator 
at 10°C. Three paper hygrometers were also placed in the 
incubator and an open dish of water. The relative humidity 
throughout the experiment was measured as 90-95 %. After 
four hours., eight hours, twenty one and twenty two hours the 
tubes were reweighed. On each of the occasions a number 
of tubes were immersed in water and were not subsequently 
used. The number of animals recovering after immersion was 
noted. 
Results 
The results are given in Table 34 as percentage weight loss 
and percentage survival. 
t 
Time (hours) 
Group No. 48 21 22 
Weight öage Wt. %age Wt. f age Wt. %age 
loss survival loss surv. loss surv. loss surv. 



























































Table 34. Results of Experiment 5. The data for percentage 
weight loss is calculated for each group of five 
animals at 10OC and 955 relative humidity. 
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Experiment 6 
Small animals (all less than 8 mm shell length) were "used 
in this experiment. Twenty animals were placed in each of 
three jars, to each of which 150 cc of water was added. To 
two of these jars a known volume of Fontinalis was added 
(measured by displacement of water). This gave three test 
conditions, one with water, one with water plus fifty cc of 
Fontinalis and another with water plus 100 cc of Fontinalis. 
These jars were placed in an incubator at 15°C, in which a` 
large tray of freshly dried silica gel was also present. 
This tray was changed daily for the first ten days and then 
removed completely. For this first period of ten days 15 cc 
of water were removed from all three jars on alternate days. 
This procedure succeeded in removing all the standing water 
from the jars by the twelfth day and after this the relative 
humidity of the air in the incubator was estimated as 80-90/6 
using paper hygrometers. The jars were left undisturbed at 
15°C and 80-9036 relative humidity for another thirty days 
and then the jars were removed and the contents reimmersed in 
water. After a period of four hours the contents of each jar 
were examined and the number of animals surviving recorded. 
Results u lts 
Prior to the addition of water a number of the animals in 
each jar were observed to be attached to the sides of the jar, 
although only two such were observed in the jar that had not 
contained Pontinalis. The numbers surviving were recorded as 
two in the jar without Fontinalis, seventeen in the jar provided 
with 50 cc of Fontinalis and also seventeen in the jar containing 
100 cc of Pontinalis. 
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Discussion 
Few definitive conclusions can be drawn from these 
experimental results, as very few animals were included in 
any single experiment (maximum of 240 individuals). The 
numbers tested compare with those used by various workers on 
the snail vectors of bilharziasis (Cridland,, 1957; Jobin and 
Michaelson, 1969). Another reason for the inconclusive 
results is the number of physical parameters that are involved 
when the ability of these animals to survive öesiccation is 
considered. From the information gained in laboratory studies 
of the bilharzia vector snails it is evident that the following 
factors affect the ability of these animals to tolerate 
exposure: temperature, atmospheric humidity, surface moisture, 
the presence of natural substrates such as mud and weed, the 
presence of substrates suitable for attachment, the rate at 
which the animals are dried and the size of the animals tested. 
The effects of increasing temperature on the survival of 
L. stagnalis is similar to the reported response of the bilharzia 
vector snails; increasing temperature increases the mortality 
rate; (Sturrock, 1970). Associated with this increasing 
mortality rate is an increased rate of water loss as evidenced 
by a decrease in the body weight (Figs. 31 and 32). 
The humidity of the experimental conditions is important, 
as the presence of surface moisture has a detrimental effect 
on the survival of the test animals (Chu, Arfaa and Massond, 
1967) as seen in experiment 3. It would appear that there is 
a critical humidity above which snails are unable to aestivate 
and in remaining active sustain a high loss of water with an 
increase associated in the mortality rate. 
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The presence of natural substrates such as mud and plant 
material can have a considerable effect on the survival of 
young animals as evidenced by the results of Experiment 6. 
These animals were able to survive for a period in excess of 
thirty days in the presence of weed, which contrasts with the 
I00% Mortality recorded in Experiment 5. The survival of two 
individuals in the test using only water in Experiment 6 probably 
relates to the slower rate of drying experienced in comparison 
with Experiment 5, enabling these animals to attach themselves 
to the glass, thus lowering their rate of water loss. The 
increased survival in the presence of weed has been observed 
by several workers for the bilharzia vector snails and for 
European and other sp. (Zhadin, 1926; Strandine, 1941; 
Wilkins, 1943; McMillan, 1943; W. H. O., 1957; Chu, Massoud and 
Bijan, 1967; Sazanov, 1968; Hira, 1968; Sturrock, 1970; 
Katkov, 1971). In the field of bilharzia vectors it was also 
found that the presence of a mud surface considerably increased 
the survival of the test animals (Kenk, 1949; Richards, 1967; 
Chu, Arfea and Massoud, 1967; Odei, 1967, Bitakaramire, 1968) 
a finding that contrasts with the results of some experiments 
carried out by a B. Sc., honours student (Webb, 1971), who found 
that the presence of a mud surface had little effect on the 
survival of L. stagnalis. 
As was observed with regard to the prolonged survival in 
the absence of water by the animals in Experiment 62 it was 
the two animals that had attached themselves to the glass of 
the jar that survived. This ability was evidenced by only 
five animals during these experiments and appeared to bear 
little relation to the size of the animals tested. Other species 
have been observed to secrete a layer of mucus across the 
aperture (Zhadin, 1926; Precht, 1949) but no such structure 
has been observed in L. stagnalis either in the laboratory or 
the field. The ability of snails to either attach themselves 
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to the substrate or secrete an epiphragm is probably related 
to the rate at which the animals are dried. The survival of 
the bilharzia vector snails is affected by the rate of drying 
experienced by the animals (Barlow, 1935; W. H. O., 1957; 
Loy 1967; Hira, 1968), but this aspect was not examined during 
this study. 
The effect of size on the survival of the snails was 
another aspect that was not investigated in the laboratory as 
the field results had already given sufficient information on 
the ability of different species and sizes to tolerate exposure. 
This information has already been discussed, but it is worth 
mentioning here that there is a marked difference between the 
lYmnaeids and the planorbids with regard to the relative ability 
of different sized animals to survive exposure. It is the small 
lymneeids that best survive field exposure, but it is the larger 
planorbids. Why this should be is unclear but it would seem 
that there may be an optimum size for the survival of field 
exposure, as similar results have been recorded for the vector 
bilharzia vector snails. However this size selectivity applies 
equally to G. crista and A. contortus, whilst the largest recorded 
G, crista is smaller than the smallest surviving A. contortus 
so that the idea of an optimum absolute size may not be accurate. 
It is possible that the important factor is not the absolute 
size but the relationship between volume and surface area, but 
this was not investigated, neither was the possibility that this 
effect was due to a variation in the ability of the stranded 
animals to continue feeding when exposed. This latter idea 
is only possible if the animals remain active for all or part 
of the time they are exposed. Little positive information 
regarding this was obtained. 
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Thus from the experimental data, the following general 
conclusions may be drawn. Adult animals are more tolerant 
than the small animals to exposure to dry air, however the 
survival of the young animals is greatly increased by the 
presence of weed. Long term survival is favoured by dry 
rather then humid conditions and the survival of a small 
proportion of the population is greatly increased by the 
tight adherence to a flat surface. These conclusions agree 
well with field observations. The larger animals have a 
short period of high survival but because of an observed 
difference in behaviour these larger animals are normally 
fully exposed on the surface when stranded. In comparison 
the young animals are normally trapped amongst stranded vege- 
tation and maintain a high survival rate for a period in excess 
of 25 days. No incividual L. stagnalis was observed to form 
an epiphragm as was the case for A. leucostoma and no 
L. stagnalis were observed attached to the substrate in the 
field. The field data has already been discussed and will 
receive no further attention here. 
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GENERAL DISCUSSION 
GASTROPOD DISTRIBUTION 
The factors controlling the distribution of freshwater 
gastropods in standing bodies of water in this country have 
been discussed by several authors (Boycott, 1936; Ellis, 1941; 
Macan, 1950; Hunter, 1953 as 1957) while Jutting (1959) dealt 
with the malacofauna of the Netherlands, and Hubendick (1947) 
and Okland (1969) with those of south Sweden and Norway 
respectively. All these authors have observed an increased 
diversity associated with an increased alkalinity of the water. 
Macan (1950) and Boycott (1936) agreed that for most species 
the critical level of calcium in the water was 20 mg per litre, 
although a few species could tolerate far lower concentrations. 
They also observed that the large size of a water body might 
compensate for the low calcium content of its waters. 
Conditions in the system studied are such that any limiting 
effect by calcium will be restricted to two species only. 
Lymnaea glabra has been shown to be restricted to soft waters 
(Boycott, 1936; Macan, 1950; Okland, 1969) and apart from a 
single specimen recorded from Blagdon Lake is absent from this 
system. Okland (1969) also observed that Physa continalis 
has a preference for softer waters and it was not found during 
the course of this study. This species is also absent from 
the Mendip ponds and the Kennet Avon Canal at Limpley Stoke 
all of which may be described as "hard" water habitats. 
Waters of low pH have also been associated with poor 
molluscan faunas (Macen, 1950; Hunter, 1964; Okland, 1969), but 
the waters of this system have a recorded pH range of 7.0 - 9.3 
and appear to be suitable in terms of calcium content and pH 
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for the support of an abundant and diverse gastropod fauna, 
so that the restricted fauna of the waters studied must be 
caused by another factor or factors. 
The distribution of gastropods may be affected by wave 
action, clarity of the water and the presence of aquatic 
vegetation. Wave action will have a limiting effect on the 
gastropod community present on a shore (Baker., 1918; Chaetum, 
1934; Boycott, 1936; Macan, 1950; Okland, 1964; 1969), as well 
as affecting the turbidity and flora of a water body. Periods 
of high winds are associated with an increased turbidity on 
Chew Valley Lake (Wilson et alp in prep. a). No evidence is 
available on the effect of turbid water on the fauna of lakes, 
but river studies have shown a decrease in the faunafssociated 
with high turbidities (Surber, 1953; Owens and Edwards, 1964; 
Alabaster, 1972). Harrison and Farina (1965) have observed 
that naturally turbid waters have a deleterious effect on the 
egg capsules of planorbid snails. Turbid water and phyto- 
Plankton blooms both affect the depth of the photic zone and 
thus affect the development of aquatic macrophytes within a 
water body. Generally shallow sheltered areas of water support 
8 varied flora and fauna. 
Boycott (2936) and Hubendick (1947) summarised the conditions 
that they associated with a rich molluscan fauna. Hubendick 
concluded that on average a rich molluscan fauna is associated 
with deciduous woodland, cultivated land, clay soils, calcareous 
areas, abundant vegetation and eutrophic conditions. They lie 
on alluvial clay soils with a calcareous catchment area (mainly 
the Carboniferous limestone of the Mendip Hills). Land usage 
in the catchment area is largely dairy farming, and there are 
some areas of deciduous woodland. All the lakes are highly 
eutrophic, but only Blagdon Lake supports a gastropod fauna as 
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diverse as might be expected. The vegetation of these lakes 
has already been discussed in detail and must be considered as 
an important factor controlling the distribution of gastropods 
within this system. The aquatic vegetation is itself controlled 
by the fluctuations in water level and it is obvious that these 
water level fluctuations not only determine the composition and 
abundance of the gastropod populations, but also of the littoral 
flora and fauna in general. 
The extreme effect of wide andirregular changes in water 
level is seen at Chew Magna reservoir. No aquatic macrophytes 
are found in this lake and the gastropod fauna is restricted 
to four species, of which L. truncatula was not regarded as a 
true aquatic species by Boycott (1936). 
The ameliorating effect of vegetation is evident at Chew 
Valley Lake, where the poor growths of Polygonum amphibium 
are sufficient to enable the survival of eight species; a 
further two species occurring in deeper water. The importance 
of the physical form of the vegetation is further evidenced 
here by the fact that it is only amongst the leaves of the 
P. emphibium that the snails are able to survive; the stems 
Providing little protection. 
The effect of an increasingly diverse and abundant macro- 
phyte growth is further emphasised by the diversity of the 
gQstropod coenosis in the Fontinalis bed in Rugmoor Bay (Fig. 17). 
This coenosis is comparable with that of the P. amphibium on 
Chew Valley Lake, but is far more diverse and abundant. Indeed 
the gastropod fauna of Blagdon Lake is one of the most diverse 
described for any water body in this country. It seems possible 
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that should the lake be maintained at top water 
level for a 
prolonged period, the diversity of the gastropod 
fauna would 
increase. The composition of the fauna would also 
be expected 
to alter as the littoral zone could be invaded 
by species 
intolerant of exposure. At present Valvata piscinalis and 
Potamopyrgus jenkinsi are both restricted to below the mean 
low 
water level in both Chew Valley and Blagdon Lakes. This 
distribution contrasts with that observed 
in other lakes (Berg, 
1928; Humphries, 1938; Levanto, 1940; Macan, 1950; Hunter, 
1953 a; Dunn, 1961; Okland, 1964), although the association of 
these two species with the growths of Chara agrees with 
their 
distribution in Malham Tarn (Holmes, 1959). The almost total 
restriction of the other species present to the areas of 
Fontinalis above the mean low water level reflects the 
difference 
in the ability of the Chara and the Fontinalis to provide 
lasting 
shelter when exposed. 
The gastropod fauna of Blagdon Lake can 
be regarded as the 
result of a mature eutrophic body of water being subjected to a 
wide range of water level fluctuations. The snail 
fauna is 
diverse and in the two meters immediately 
b. t. w. l., is dominated 
by those species tolerant of exposure. The area studied on 
Blagdon Lake had a shallow gradient as did the vegetated shores 
of Chew Valley Lake. The steeper shores of both these lakes 
tend to be erosional (Figs. 4 and 5). In contrast to these 
shallow gradients the shore of Upper Litton Reservoir is steep 
(Fig. 6). The shore is covered with a dense growth of Fontinalis 
to a depth of 5-6 meters b. t. w. l. As observed at Blagdon Lake, 
this plant provides excellent cover when exposed and one would 
expect a diverse snail fauna to be associated with this growth. 
However this is not the case, the snail community is completely 
dominated by a single species,, L. stagnalis. At times the 
density of the population in the top half meter of water has 
been estimated by direct counting using 0.25 square meter 
quadrants. The maximum population estimated by this method 
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occurred when the margin of the lake in the sampling area 
had a band of snails extending approximately 60 cm from the 
waters edge. The density estimated was in excess of 3000 
per square meter of surface area. Estimates of the density 
in the Fontinalis below the surface were in excess of 2,000 
per square meter of substrate. These estimates were made in 
late June, 1971, when the adults were still copulating and 
the new generation had already started to appear. 
Small numbers of L. stagnalis were also recorded from both 
Chew Valley and Blagdon Lakes. In these lakes this species 
appears to survive periods of reduced water level in the small 
quantities of permanent water present in a few small streams 
and ditches that enter these lakes. The size range of this 
species varies to a surprising extent between the lakes of this 
system. The largest specimen recorded from Blagdon Lake had 
a shell length of 40.0 mm; at Upper Litton Reservoir the maximum 
length recorded was 50.0 mm and at Chew Valley Lake individuals 
of this species consistently reached a size in excess of 50.0 mm, 
the largest measuring 59.0 mm. The reasons for this disparity 
in size are unknown. 
A comparison of the gastropod faunas of the two study areas 
is of interest', particularly the species diversity and abundance 
of the communities present in the Fontinalis. This plant forms 
similar densely packed meadows in both sampling areas and yet 
supports two completely contrasting snail communities. At 
Rugmoor Bay the community is dominated by A. contortus and G. crista. 
whilst L. pereqra, L; truncatula and A. leucostoma are present in 
consistent numbers. Other species taken occasionally in this 
area of the shore include; Segmentina complanata., Planorbis carinatus 
Bithynia tentaculata and L. stagnalis. In comparison,,, the 
population at Upper Litton Reservoir is completely dominated by 
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L. stagnalis. At times of high water level L. peregra occurs 
in reasonable numbers and occasional specimens of G. albus 
and G. crista are recorded. This difference between the two 
communities is interesting when the similarity of the two 
biotopes is considered. The water chemistry and temperature 
are similar throughout the year. The decline in water level 
starts at the same time each year, reaches the minimum water 
level and the subsequent high water level at the same time. 
Differences between the two biotopes are the anoxic 
conditions that exist beneath the thermocline throughout the 
summer months at Upper Litton (Fig. 21) and this may account 
for the absence of Valvata piscinalis from the deeper waters 
of this lake. The range of water levels is greater (Table 4); 
the mean low level at Upper Litton is twice as low as that 
experienced on Blagdon Lake (4.7 m and 2.2 m respectively). 
The water level always reaches top level in the winter at Upper 
Litton, where os that of Blagdon may remain below top water 
level (Pig. 4) throughout the winter months. 
At Rugmoor Bay the snail species present are able to 
tolerate prolonged exposure in the field, but at Upper Litton 
Reservoir these species are almost totally absent, although the 
length of the exposure is shorter. The dominance of 
L. stagnalis may be attributed to the lack of competition in 
this habitat or to the conditions favouring the survival of 
this species. L. stagnalis survives periods of drawdown in 
this reservoir in two ways. A proportion of the larger 
animals remain in the water throughout the period of drawdown, 
and the young aniinacls survive stranded amongst the Fontinalis. 
The relative importance of these two classes of survivors to 
the population is related to the rate and extent of the drawdown 
in any one year. The snail community of the Fontinalis in 
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Rugmoor Bay did not move down the shore during the periods 
of falling level in 1971 and 1972. The possibility of an 
active downshore migration at Rugmoor Bay is unlikely, when 
the distances involved are considered. At Upper Litton 
a large fall in water level requires a migration of only a 
few meters for the animals to remain in the water. Chaetum 
(1934) observed that members of six species of pulmonates, 
including L. stagnalis appressa were able to migrate for a 
distance of 90 meters down the shore, in order to reach 
warmer water in the late autumn. A comparable spring migration 
up the shore also occurred; the snails overwintering at depth 
to escape the low temperatures experienced in the shallows 
during the winter months. Such migrations have been observed 
for several species in this country (Hunter, 1953 a; Lilly, 
1959), but it would appear that the converse is true for 
L. stagnalis; in this study the animals migrated up the shore 
in the winter months (Figs. 28 and 29). Chaetum 
(1934) 
noted that the ability of the animals to complete their 
migrations was affected by the gradient of the shore and the 
distance to be travelled. At Upper Litton the gradient of 
the shore is such that the distance to be travelled is 
relatively small, but no evidence of a downshore migration 
associated with the falling water levels has been found. 
Such movement as does occur appears to be passive,, resulting 
from the habit of this species of floating at the surface and 
of crawling on the underside of the surface film. The 
proportion of the population that remains in the water is 
dependent upon the rate and extent of the drawdown and also 
the weather during the period of drawdown. On calm warm days 
L. stagnalis congregate at the surface especially at the 
waters edge, although individuals have been observed at the 
surface in the middle of the lake.. 
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The reason for the dominance of L. stagnalis in this 
habitat would appear to lie not in the vegetation but in 
the gradient of the shore and the extent of the d rawdown 
experienced. At Rugmoor Bay the shallow shore gradient 
(10 from the horizontal) leads to a high retention of 
rainwater and increase the humidity of the substrate surface. 
The narrower range of water levels will have less effect on 
the underlying soil water table then will the wide range 
experienced at Upper Litton Reservoir. The steep shore 
gradient (36° from the horizontal) will cause a faster rate 
of runoff of rainwater reducing the effect of this water on 
the soil humidity. 
The extent to which the conditions actively favour 
L. stagnalis is uncertain. It may be that the low oxygen 
levels recorded from this lake are unsuitable for other 
species. The large numbers of L. stagnalis present may be 
sufficient to prevent the establishment of other species, 
either by competition for space and/or food. The possibility 
that this species may be producing a toxic chemical must also 
be considered, since Berrie and Visser (1963) reported the 
suppression of one gastropod species by another in Africa by 
chemical means. Recently the isolation of a natural inhibiting 
substance from snail cultures has been reported (Levy et alp 1973). 
Wundsch (1930) reported that L. peregra if present in large 
numbers, has a toxic effect on fish, but no evidence of chemical 
activity was observed during this study. 
The two smaller bodies of water included in this system 
have a stable water level, but neither supports a particularly 
abundant or diverse fauna. The lack of aquatic vegetation 
in these waters has already been discussed and the paucity of 
their gastropod faunas may be attributed to this. It is 
possible that these poor faunas are the result of a direct 
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chemical effect due to the Malachite Green in Lower Litton 
Reservoir and to the high levels of lead and zinc present in 
the sediments of Herriots Pool. It will be interesting to 
see if the snail fauna of Lower Litton improves now that an 
extensive growth of Potamogeton pectinatus is present in the 
lake (1973). 
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SURVIVAL OF FIELD EXPOSURE 
The distribution of snail species within the system 
studied and their reaction to exposure have already been 
discussed. In this section it is intended to summarise 
and comment on the factors affecting the ability of snails 
to tolerate exposure. 
The importance of several factors have already been 
discussed and will only be mentioned here for completeness. 
The rate, extent and timing of water level fluctuations are 
important 'as they have a direct effect on the ability of the 
animals to avcid stranding, as will the gradient of the shore. 
The nature of the water level fluctuations also has an 
indirect effect, as it influences the development of the 
aquatic vegetation present in a water body. 
" The presence of vegetation has a considerable effect on 
the survival of. the stranded snails, presumably by the 
creation of a sheltered microclimate between the plant and the 
soil surface. The degree of cover afforded by aquatic 
vegetation after exposure is dependent upon the plant species 
concerned. The physical structure of the plant is important; 
as evidenced by Polygonum amphibium. In areas covered by this 
pant, live recoveries are only made from beneath the leaves, 
which are relatively large, broad and flat, whilst the narrow 
stems provide little shelter for the underlying soil. The 
small flat and closely spaced leaves of Pontinalis collapse, 
when stranded, to overlap one another. This characteristic 
is very important, as this plant seldom grows as individual 
fronds; indeed it was present as a dense submerged meadow in 
two of the lakes providing large areas of sheltered substrate 
after exposure. Emergent forms such as Phragmites communis 
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provide little shelter, as these plants remain upright 
after exposure. 
The ability of the plant tissues to tolerate exposure 
is also important. This is evident when the effects of 
exposure on Chara and Cladophora are considered. Both these 
plants form large clumps when exposed, normally associated with 
their exposure to wave action by the falling water level and 
initially shelter large number of snails. However these plants 
soon decompose after stranding and the shelter they provide in 
short lived. 
The snails that survive exposure are those recovered from 
the layer between the collapsed vegetation and the soil surface. 
It is the conditions present in this layer that are important 
for the survival of the snails. This microclimate will be 
effected by the density and morphology of the vegetation 
present on the shore; the moisture of the soil; the air 
temperature and atmospheric humidity. The effects of different 
plant morphologies on the degree of cover provided has been 
discussed and the denser the growth of the macrophytes, the 
greater the degree of shelter. In the long term the ability 
of the plant tissues to survive exposure will be important, 
as will the development of a terrestrial flora on the shore, 
as this will ameliorate the conditions experienced. 
The moisture of the soil will be affected by the climatic 
conditions experienced during exposure. These will be related 
to the timing of the drawdown and to its duration. In 1972/ 
1973 the exposure of the upper shores of Chew Valley and Blagdon 
Lakes was continuous for a period in excess of 16 months and these 
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shores were exposed to the full range of climatic conditions. 
The soil surface moisture will be affected by the depth of the 
underlying water table, which will be related by the range of 
drewdown experienced. The soil moisture will also be related 
to the rainfall occurring during the exposure period. The 
proportion of the rainwater retained by an area of shore will 
be controlled by the substrate type and the shore gradient; the 
steeper shore gradients facilitating runoff. 
The period of maximum drawdown experienced by most regulated 
water bodies in this country is in the late summer and early 
autumn although some upland reservoirs are maintained at a low 
level throughout the winter (Table 4). Low winter levels 
expose the littoral zone to the effects of freezing temperatures 
and erosion, which leads to the reduction or elimination of the 
littoral flora and fauna (Elder, 1965; Quennerstadt, 1958; 
Grimes, 1951; 1964; Boyd, 1971; Hynes, 1961; Hunt and Jones, 
"1972 b and d). Most of the regulated waters studied are 
oligotrophic (Tables 4 and 5) and the littoral fauna reaches 
a peak of abundance below the mean low water level both in 
this country (Elder, 1965; Campbell, 1963 and 1964; Hunt and 
Jones, 1972 d) and in the Scandinavian Lakes (Aass, 1958; 
Grimes, 1961 a and b; '1964). This sub=surface peak in numbers 
was not apparent in this study. At Rugmoor Bay the richest 
gastropod fauna occurred in the region above the mean low water 
level. The population of L, stagnalis at Upper Litton Reservoir 
reaches a peak below the limit of drawdown, but this is not a 
permanent feature as the population redistributes up the shore 
after a return to top water level. The lack of any apparent 
sub-surface peak in these two lakes may be attributed to the dense 
growths of aquatic macrophytes that occur. This is a feature 
that contrasts with the other regulated waters for which data 
is available (Hunter, 1953 a; Hunt, 1970; Gill and Bradshaw, 
1971; Hunt and Jones 1972 a and b). Blagdon Lake and Upper 
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Litton Reservoir differ from all other regulated waters, for 
which the littoral flora and fauna has been described, in their 
pattern of drawdown and their state of advanced eutrophy. 
The timing of the drawdown not only controls the climatic 
conditions experienced during the subsequent exposure, but also 
the cievelopaent of the aquatic vegetation prior to exposure. 
If the fall in water level occurs in the late summer or autumn, 
the major part of the vegetative growth season is already over. 
This enables the full development of the aquatic macrophytes, 
which has the beneficial effects of stabilising the shoreline 
and providing shelter for the fauna during the subsequent 
exposure. In contrast, a low level at the start of the growth 
season can lead to the loss of macrophytes from the top shore. 
The, loss or limitation of the growth of the aquatic macrophytes 
on the-shore will have a detrimental effect on the gastropod 
fauna by, limiting the shelter available after exposure. 
The response of the communities studied to exposure in 
the field has already been discussed, but it is worth considering 
the coenosis present in the Fontinalis of Rugmoor Bay and the 
p. am hibium of Chew Valley Lake in more detail. The species 
composition and the relative abundance of the different speciss 
of this coenosis appears to be unique. Species lists are 
available for many waters in this country (Macan, 1950,1970; 
Twigg, 1959, Stratton, 1956, Holmes, 1965; Dunn, 1961; Morgan, 
1970; Chatfield, 1972; Hunt and Jones, 1972 b, b and c; Hunter, 
1957; Ellis, 1941) and from the continent (Ekman, 1915; Steenburg; 
1917; Odhner, 1929; Berg, 1938; Levanto, 1940, Hubendick, 1943; 
Kilovicz, 1959; Gizinski and Mikulski, 1965; Okland, 1964; 
Zacwilichowska, 1965; Karasev, 1971). A few of these studies 
include an estimate of the relative abundance of the species 
present and comment on the distribution of species on the shore 
(Macen, 1950; Ellis, 1941; Hunter, 1961; Berg, 1938; Okland, 1964; 
De Coster end Persoone, 1970). Honer (1969) attempted to classify 
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gastropod communities into typical coenoses and like previous 
authors (Hartog, 1950,1963; Fromming, 1956) found that these 
coenoses are normally dominated by lymnaeids, Bithynia 
tentaculata or Plaorbarius corneus. The coenosis of the 
Fontinalis resembles Honer's (1969) planorbid coenosis., but 
the dominance of A. contortus and G. crista is unusual. The 
relative abundance of species within this coenosis is affected 
by the temporary nature of this habitat and the ability of 
species to survive exposure. The absence of Valvata piscinalis 
and Potamopyrgus jenkinsi from this part of the shore can be 
attributed to the regular exposure of this region of the shore. 
The importance of A. contortus and G. crista can likewise be 
attributed to the temporary nature of the habitat; these species 
being more tolerant of exposure than the other species present. 
The diversity of this coenosis is also related to the flora, 
as evidenced by the presence of only four species in this zone 
on Chew Valley Lake. The denser growths of macrophytes in this 
zone at Blagdon support 10 spp. of which 5 are common. 
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THE LIFE CYCLE OF BRITISH FRESHWATER GASTROPODS 
The life cycle of freshwater gastropods in this country 
appears to be related to the seasonal air temperature and 
productivity of the habitat studied. In most habitats in 
this country the annual rate of growth, that the majority of 
freshwater gastropods are capable of, is sufficient only to 
enable a single generation per year (Lilly, 1953; Cleland, 1954; 
Hunter, 1961; Berrie, 1965; Macan, 1965 a; Buse , 
1971). There 
are notable exceptions to this; Physe fontinalis has been shown 
to complete two generations per year in three separate populations 
(DeWit, 1955; Duncan, 1959; Hunter, 1961 b); Potamopyrgus jenkinsi 
which is parthenogenic (Fretter and Graham, 1962; Michaut, 1970) 
andLymnaea truncatula, which may complete two or three gener- 
ations in a single year (Walton and Jones, 1926; Heppleston, 
1972). 
The period of the year during which active growth may occur 
appears to be related to water temperature (Boycott, 1936; 
Duncan, 1959; Hunter, 1961 a and b; 1964; Berrie, 1965) and most 
authors have suggested a critical temperature of approximately 
7-10°C below which jhe rate of growth is considerably diminished. 
Indeed; with the increasing mean temperature of the habitat 
studied, a series of changes in the duration of the life cycle 
occur. Hunter (1961 a and b) and Berrie (1965) related the size 
of the freshwater snail populations to the winter temperatures 
experienced, concluding that the severity of the winter and 
spring conditions affected the survival of the overwintering 
population and'the onset of growth in the spring. 
A study of a population of Ancylus fluviatilus in a Danish 
spring (Thorup, 1963) with a relatively low temperature through- 
out the year,, reported two biennial populations spawning in 
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alternate years. This may be attributed to the low rate of 
growth associated with the low temperature; the animals requiring 
two years to reach maturity. Bondeson (1950) observed that 
L. stagnalis required two years to mature in Denmark, but 
unfortunately did not include any data on the climatic conditions 
experienced. Berrie (1965) also recorded L. stacinalis over- 
wintering twice, but this only occurred in 7% of the population, 
the rest following a simple annual cycle, although attaining a 
relatively small adult size. A large number of the studies of 
freshwater gastropods in this country describe a simple annual 
life cycle Ancylus fluviatilus (Geliday, 1956; Maitland, 1965; 
Hunter, 1954), Velvets piscinalis (Cleland, 1954; Hunter, 1961 b), 
Bithynia tentaculata (Lilly, 195 ), L. stagnalis (Campion, 1956; 
Buse, 1971), L. peregra (Hunter, 1961 b; Gruffydd, 1965; Macan, 
1965 a),, Planorbarius corneus (Berrie, 1963), G. albus (Hunter, 1961 
and Physa fontinalis (Hunter, 1961 b). However there are 
several interesting variations to this simple pattern as 
evidenced by the studies of both Physa fontinalis and L. peregra. 
Hunter (1961 b) studied populations of these two species in Loch 
Lomond and observed for both species that the offshore population 
followed a simple annual cycle, but an inshore population of 
Physa fontinalis also had a second short spawning season in the 
late summer. This second spawning was the result of the maturing 
of the early members of the spring hatch, and both generations 
overwintered to spawn together the following spring. This small 
additional late summer generation was observed by Duncan (1959) 
in a study of this species near London, but Duncan also observed 
complete replacement of the spring generation by the late summer 
generation in 1954, when the mean monthly air temperatures were 
slightly higher. Thus the same species has been described in 
this country as univoltine, bivoltine or univoltine with a small 
second generation in the late summer. 
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A similar series of observations is available for L. peregra. 
Hunter's offshore population in Loch Lomond was univoltine 
(Hunter, 1961 b) as was the population observed by Macen (1965 a) 
in Hodsons Tarn. Gruffydd (1965) studied a population which 
in one year was univoltine with a small additional second gener- 
ation and which in the preceding year had been bivoltine. 
These variations in life history are obviously related to 
the spawning period for each species and there can be a wide 
range of variability in this. At Upper Litton Reservoir., egg 
masses of L. stagnalis were present from late March till early 
August, where as Campion (1956) and Buse (1971) both studying 
ünivoltine populations, observed a period of recruitment 
restricted in each case to 2 months in the early summer. The 
duration of the period of spawning will be controlled by several 
factors. Most authors agree that egg production commences 
once the water temperature increases to an excess of between 
7 
. 
and 10°C in the spring (Lilly, 1953; Hunter, 1954,1957; 
1961 a and b; Duncan, 1959; Gruffydd, 1965; Berrie,, 1965). 
The maturity of the individuals-present will also be important, 
for if the overwintering individuals have reached maturity; 
spawning will commence soon after the increase in temperature. 
If., however, the animals are below the sexually mature size, 
then spawning will not commence till a later date (Hunter, 1961a). 
Thus the growth achieved during the previous summer will have an 
indirect effect on the spawning of the population in any one 
year. The direct, short term effects, and the indirect (over 
the whole life cycle) effects of environmental temperature on 
reproduction have been extensively studied in marine animals 
(Loosanoff and Nomejko, 1951; Barnes, 1958; Thompson, 1958; 
Barnes and Barnes, 1959; Kinne, 1963; Williams, 1965; Desai, 
1966; inter alia). Berrie (1965) suggested that the absolute 
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temperature was not necessarily as important as the trend 
in the temperature,, as growth normally began at a considerably 
lower temperature in the spring than that at which it ceased 
in the autumn. It is also possible that this is not a 
direct 
effect of temperature but an indirect effect via the availability 
of food. 
The duration of the spawning period, once started, will be 
related to the survival of the adult animals after spawning. 
Most studies in this country have reported an almost complete 
mortality of the parent generation soon after spawning 
(Lilly, 1953; Cleland, 1954; Hunter, 1954; 1957; 1961 a and 
b; Geliday, 1956; Duncan, 1959; Berrie, 1963; 1965; Maitland, 
1965; Macen, 1965 a; Gruffydd, 1965, Buse, 1971), and Hunter 
(1961 b) suggested that the death of the adults removed them 
from competition with the young for the available food. In 
populations with an early onset to spawning and subsequent 
hatching, the productivity of the habitat and the rate of growth 
sustained dictates the occurrence or otherwise of a second 
generation in the late summer. As observed by Duncan (1959) 
for Physa fontina_1_ is, a slightly higher mean temperature 
throughout the year enables a higher growth rate and an earlier 
sexual maturation of the spring generation. When this happens, 
a second'spawning period occurs in the late summer with complete 
replacement of the spring generation. However, if the rate 
of growth is insufficient to enable the whole spring generation 
to reach maturity in the late summer only a small proportion 
will do so and the overwintering stock will contain elements 
from both the spring and the late summer cohorts. It is 
interesting to note that in all the observed populations, where 
this has occurred, the younger animals spawn at the same time 
as the older animals in the following year, and that usually 
there is little or no difference in size by the time spawning 
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occurs (Dyncan, 1959; Hunter, 196]a and b; Gruffydd, 1965, Do--Coster 
and Persoone, 1970). A similar effect was observed in this 
study as a result of the stranding of a portion of the 
L. stagnalis population at Upper Litton Reservoir. Because of the 
changes in water level a portion of the population (those that 
hatch early in the year) remain in the water throughout the year, 
but the later hatching animals are normally stranded and on re- 
immersion appear as a winter recruitment to the population. By 
the time spawning starts in late March the stranded animals are 
almost indistinguishable on the basis of size alone. 
The importance of the rate of growth sustained during the 
summer has already been discussed in relation to the occurrence 
of a second generation in any one year and also in relation to 
the start of spawning in the spring. The growth rate will be 
affected by the ambient temperature and the productivity of the 
water body concerned. The effect of temperature is both direct 
and indirect, by affecting the metabolic rate of the gastropods 
1-1 1 and the available food supply. The main gbod of gastropods 
is epiphytic algae and plant tissue (Bovbjerg, 1968; Storey, 
1971; Calow, 1971; Kjahde and Wilkins, 1972) and the primary 
productivity of a water body is dependent not only on the 
meteorological conditions, but also on the availability of 
nutrient chemicals. This means that there will be more available 
food in habitats associated with waters rich in nutrient chemicals. 
A lack of calcium may also have a detrimental effect on the growth 
of freshwater gastropods, but the effect only becomes limiting 
at concentrations below 20 ppm, (Boycott, 1936; Hubendick, 1947; 
Macan, 1950; Hunter, 1964; Okland, 1969). 
Unfortunately very few studies of gastropod life cycles in 
this country contain information concerning the trophic status 
of the habitat studied. Loch Lomond is oligotrophic (Slack, 
1957) and the pond studied by Berrie (1965) in Scotland was poor 
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in nutrients and calcium. The rates of growth sustained 
in both these habitats are lower than those recorded in this 
study. With the e4. ception of Potemopyrgus jenkinsi all the 
species for which data was obtained were univoltine and the 
growth rates recorded were greater than those recorded by 
Hunter (1961 b) and Berrie (1965). This difference is 
not unexpected when it is remembered that these lakes are the 
most eutrophic so far reported in this country. This high 
rate of growth enables these species to complete their life 
cycle during the period of time that their habitat is immersed., 
this region normally being exposed for at least 4"months each 
year. 
Possibly the two most notable exceptions to the simple 
annual life cycle are L. truncatula and Potamopyrgus jenkinsi. 
Unfortunately L. truncatula was not taken in sufficient numbers 
to permit its life history in this habitat to be understood. 
Previous studies have shown this species to be capable of 
several generations per year (Walton and Jones s 1926; Boycott,, 
1936, Heppleston, 1972) and some workers have not regarded this 
species as a true aquatic (Boycott., 1936; Macan, 1950; Ckland, 
1969). Potamopyrgus jenkinsi is parthenogenic and Fretter and 
Graham (1963) described this species as producing young throughout 
the year with no restricted breeding period. However in this 
study two distinct periods of breeding occurred producing two 
generations per year with complete replacement. The first of 
the two breeding periods occurs in the summer and the second in 
mid-winter. The factors that control these two breeding periods 
are not understood. 
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THE EFFECT OF WATER LEVEL FLUCTUATIONS ON THS 
LNTTORAL ZONE 
The effect of artificial regulation of a water 
body on the 
littoral zone is related to the three main ways 
in which regulated 
waters differ from natural lakes. The amplitude of water 
level 
fluctuations experienced in regulated waters are greater than 
those of natural lakes. The top water 
level of regulated waters 
is controlled and is normally constant from year to year, and 
is 
therefore more clearly defined than that of the natural lakes. 
The season and duration of drawdown have already been discussed 
and are of importance as they affect the severity of the 
conditions experienced by exposed areas. Only brief reference 
will: be made here to the effect of the water level changes on the 
lower limit of the littoral zone as this has already been 
discussed in relation to the increased penetration of Fontinalis 
in Upper Litton Reservoir. 
'-Other effects of the changing water levels upon the physical 
character of the littoral environment will only receive brief 
attention here as they have been discussed separately in the 
preceding sections of this work. Subject to the time of year 
that reduced levels occur they will alter the depth of the photic 
zone, thermocline and any associated oxycline. Changes in water 
level also affect the area of the shore affected by wave action; 
exposure to the atmosphere; aerial erosion by rain, drying, wind 
and freezing and mechanical disturbance whether by human activity 
or by natural means. 
A large amount ofinformation is available on the effects of 
regulation on the sub-arctic lakes of Scandinavia (Aass, 1958; 
Quenne rstadt, 1958; Stube, 1958; Grimes, 1961; 1962; 1964; 1965 a, 
b, c; Nilsson, 1964). The range of drawdown experienced is 
normlly greater than any recorded in this country 
(Tables 4 and 5) 
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and as the period of maximum d rawdown occurs during the winter 
the climatic conditions experienced are severe. The majority 
of - the impoundments studied are derived from natural lakes and 
all"a re-oligotrophic. The effect of impoundment is the 
compression of the existing littoral biota into a narrow band 
below the limit of drawdown (Quennestedt, 1958; Larkins, 1958; 
Grimas, 1964; Elder, 1966). In the long term the ""drawdown 
zone" becomes increasingly barren and more uniform with the 
elimination of vegetation and the denudation of exposed 
sediments. 
In this countcy the effect of impoundment upon the fisheries 
of various Scottish Lochs has received attention (Campbell; 1957; 
1961; 1963; 1964; 1970; Elder, 1966), but little quantitative 
data is available on the littoral fauna and flora. Other studies 
of regulated waters in this country have concentrated on the 
fisheries of completely artificial impoundments, although a 
series of papers exist recording the effect of increased water 
level fluctuations on Llyn ffegid during the last two decades. 
Dunn (1961) studied the littoral and profundal fauna of this 
lake in 1952 when the range in water levels was only 2 meters. 
In 1955 the installation of new sluices heralded a period of 
water level fluctuations double that previously experienced and 
associated with a depression in the lowest level experienced. 
During this period the littoral fauna was reduced in diversity, 
although the increased abundance of two species of oligochaete 
compensated for the numerical reduction of the rest of the fauna 
(Hynes, 1961). Since 1965 the range of levels has approximated 
to that of the pre-1955 period and the fauna is now returning to 
its pre-1955 condition (Hunt, 1970; Hunt and Jones, 1972 d), 
although certain oligochaetes and chironomid larvae are still 
more abundant than previously. The littoral vegetation has yet 
to re-establish itself (Hunt and Jones, 1972 d). 
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The fauna of two other regulated lakes in North Wales have 
also received attention in relation to fish diets, as have 
several other bodies of water in this country (Frost, 1956; 
Hunt and Jones, 1972 a, b, c, d, e; Campbell, 1970). Generally 
the effects of drawdown on the littoral flora and fauna are 
similar for this country, Scandinavia and North America, The 
regulation of a natural water body has the effect of reducing 
the littoral flora and fauna (Rawson, 1955; Elder, 1966; 
Grimes, 1964) and in the case of extreme drawdown levels will 
also have_a detrimental effect on the benthos (Grimes, 1965 c). 
Regulation normally limits the littoral vegetation to below 
the, mean low water level (Quennerstedt, 1958; Elder, 1966). 
After regulation there is a temporary increase in the planktonic 
c rustacea and also in the growth rate of fish (Dahl,, 1926; 1932; 
Graham and Jones, 1962). In regulated water bodies the littoral 
fauna reaches its greatest abundance below the mean low waFer 
level. With a single exception all the waters studied with 
regard to the effect of changing water levels on the littoral 
zone both'in this country and abroad have been oligotrophic. 
The single: exception is that of Llyn Alew, a recently constructed 
shallow lowland reservoir in Anglesey (Hunt and Jones, 1972 c, e 
and f). Other studies of lowland reservoirs in this country 
are restricted to the fish communities of pump storage reservoirs 
(Oliver, 1948; 1955; 1968; Fleming-Jones, 1968; Sexton, 1969). 
The importance of the littoral fauna as source of food for 
trout is well documented (Allen , 1938; Swynnerton and Worthington, 
1940; Frost and Smyly, 1952; Macan, 1965 b; Frost and Brown, 
1967; Mills, 1971) and from these studies it is evident that 
the important components of the diet in undisturbed lakes are 
4sellus, Gammarus, corixids and various insect larvae. Gastro- 
pods may also form an important part of the diet, although only 
LL. peregra and V. piscinalis are ever significant. The importance 
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of the mollusc component appears to increase with the size 
of the fish (Swynnerton and Worthington, 1940; Oliver, 1968); 
Hunt and Jones (1972 c) observed that Lymnaea peregra was only 
taken by fish exceeding 43 cm in length. 
The effect of regulation on the diet of lake trout is well 
; documented for reservoirs in this country (Graham and Jones, 
1962; Elder, 1966; Campbell, 1970; Hunt and Jones, 1972) and 
these results agree with those gained in Scandinavia and North 
America (Cuerºer 
, 1954; Larkin, 1958; Wood and Pfitzer, 1958; 
Stube, 1958; Nilsson, 1961; 1964; 1965, Runnstrom, 1964). 
After regulation the reduction in the littoral fauna causes 
a change in diet with an increase in the proportion of pelagic 
forms (plankton and fish) and aerial insects. A limited 
number of trout stomachs have been examined from both Chew 
Valley and Blagdon Lakes and the occurrence of food species 
recorded. Unfortunately no fish or their stomachs were 
available from Upper Litton Reservoir, although there are 
reports of fish containing so many snails that they rattled! 
(Morgan, pers. comm; Brown, pers. comm). The results of the 
stomach content and analysis are given as percentage occurrence 
of food organisms in Table 35. Previous information on the diet 
of the fish of either lake is limited to two early papers on 
Blagdon Lake; Carr (1926) referred to the importance of snails 
in the diet but did not include any factual information and 
Walton (1943) commented on the presence of Cori X ids in the 
diet of the trout. Another reference to Blagdon Lake is to 
be found in a paper by Ball (1961) who stated that C. Myers 
recorded corixids in Blagdon Lake trout diet and that they 
formed the main food taken in the daytime from June till December. 
This comment is of interest when the results of the recent 
dietary analysis are considered. The corixids still form 
an important part of the autumn diet of the Blagdon Lake fish 
and also of the Chew Valley Lake fish. The diet of the Chew 
Chew Valley Blagdon 
Lake Lake 
Aut. Slim. Aut. Sum. 
Animal Type 1970 1971 1970 1971 
Oligochaetes - - - 5 
Hirudinea - - 10 
Gammarus pulex - - 25 5 
Cladocera 5 20 15 
Zygoptera larvae - - 40 5 
Corixidae 55' - 70' 20 
Trichoptera. larvae - - - 30 
Coleoptera- - - P - 
Chironomidae larvae - 60' 35 30 
pupae 45 90' 50' 60' 
Lymnaea peregra - - 15 10 
Roach Fry'- 55' 5 - - 
Sticklebacks 
- 5 40 5 
Miscellaneous 30 5 15 10 
No. Fish Examined 7 26 23 34 
No. Types Eaten 3 5 11 12 
Table 35. Analysis of food organisms in the stomachs of 
Trout from Chew Valley and Blagdon Lakes: All 
figures are given as percentage occurrence and 
are rounded to the nearest 5%; less than 5% is 
denoted by P. $ inditcates a principal food. 
Aut. = Autumn ; Sum. = Summer . 
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Valley Lake fish would appear to typify the diet of post 
impoundment populations. The diet is completely restricted 
to free swimming forms such as corixids, chi ronomid la rgae 
and pupae, small fish and some cladocerans. The small fish 
themselves eat large numbers of planktonic crustacea 
(Lamming, 1971) and the latter are obviously an important 
component of the food chain. In comparison with the diet 
of the Chew Valley Lake trout, that of the Blagdon Lake trout 
is more varied and reflects the richer fauna of the littoral 
zone of this lake; indeed the diet of the Blagdon fish approaches 
that of trout from natural lakes, although the diet is still 
dominated by mobile forms. The diet of the Blagdon fish is 
similar to that observed in Llyn Alaw, although not as varied 
(Hunt and Jones, 1972 c). In both lakes L. peregra formed an 
important part of the diet, but in Llyn Alaw seven species of 
gastropod were actually recorded in the diet. The richness 
of the trout diets from these two lowland reservoirs would appear 
to indicate that in the milder climate of this country, with a 
summer maximum of drawdown, the eutrophic status of a lake may 
compensate for the deleterious effect of the water level 
fluctuations. It would be interesting to compare the diet 
of the trout of Blagdon Lake from 1973 with that previously 
recorded, for the pattern of water levels experienced since 
spring 1972 has been more severe than that of the preceding two 
years (Fig. 9). The eutrophic status of Blagdon Lake may enable 
this lake to maintain a more diverse littoral flora, and is only 
possible when the aquatic vegetation is allowed to develop fully 
before it is exposed. It would seem possible to utilise the 
effects of water level fluctuations to improve the management 
of regulated water for recreational purposes. 
The recreational value of lakes and reservoirs in this 
country has received much attention in recent years 
(Saxton, 
1969; Drummond, 1969; B. W. A., 1969; Tanner, 1970; Jchnson, 
1970; Willis, 1971; Fleming-Jones, 1971; Littlewood, 1971; 
McLellan, 1971). The recreational usage to which a water 
body 
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may be put are diverse and range from the aesthetic enjoy- 
ment of the pastoral scene, with the peace and quiet of the 
country to such boisterous activities as water skiing. The 
major categories are listed below: - 
a) Picnicing 
b) Fishing: both game and coarse fishing 
c) Bird watching, a nature reserve may be associated 
with this activity 
d) Sailing 
e) Canoeing 
f) Minority pastimes such as water skiing, skin diving and 
rowing 
At present the first three categories are the commonest forms of 
recreation allowed on reservoirs in this country. 
The management of lowland reservoirs for recreational 
purposes has been discussed in two recent papers (Saxton, 1969; 
Johnson, 1970) which dealt with the provision of facilities. 
The management of trout fisheries in regulated waters has 
received considerable attention since the war (Rushton, 1956; 
Campbell, 1964; Elder, 1966; Oliver, 1948,1955 and 1968; 
Sexton, 1969; Fleming-Jones, 1971), whilst several papers 
have referred specifically to Blagdon and Chew Valley Lakes 
(Carr, 1926; Melvin, 1957; Brown, 1970; Roberts, 1972). 
Lowland reservoirs often form the only possible site for a 
game fishery in the populated areas of the Midlands and the 
South of Britain. In these waters the presence of coarse fish 
may pose a considerable threat to the artifically maintained game 
fisheries, and at present coarse fish populations are maintained 
by careful arrangement of the stocking programme and the trapping 
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of spawn on brushwood hurdles (Fleming-Jones, 1971). On 
the Continent lowering of the water level has been used to 
considerable effect in the control of perch; a reduction in 
the lake level at the height of the spawing season having a 
cataclismic effect on the recruitment of the population in 
that year (Holcik, 1969). This method has not been used in 
this country yet, but would seem to be the most effective 
method of control available for the large flooded valley lakes. 
Oliver (1968) reported that it was necessary to cut the weeds 
along a portion of the shore of Eye Brook Reservoir, because 
the dense plant growths limited the length of shore available 
for bank fishing. The detrimental effect of water level changes 
on the aquatic vegetation of a water body has already been 
discussed but as yet no attempt has been made to utilise this 
relationship for the control of plant growth in fishing waters 
in this country, although this has been used successfully in 
the U. S. A. (Hess and Kike r, 1944; Wie be , 1958; Peltier and 
Welch, 1970; Boyd, 1971) as part of a malarial control 
programme. 
The pattern of drawdown may be altered to encourage the 
colonisation of reservoir margins when shore erosion is severe 
or where the aesthetic value of a lake is regarded as important. 
Such a programme may attempt to aid the establishment of an 
aquatic or terrestrial flora, and the latter possibility has 
been discussed by Gill and Bradshaw (1971). If a more abundant 
aquatic flora is established it will have a marked effect on the 
quantity of food available to the fish population of a water and 
as observed in Llyn Tegid an improved growth rate may be achieved 
(Hunt and Jones, 1972d). However, abundant littoral vegetation 
is often viewed with disfavour by both the sailing and fishing 
fraternities and the recreational requirements and priorities 
- 138 - 
Of a water must be considered before attempting any manipulation. 
The effect of any manipulation on the fauna of a lake will 
be 
largely indirect; the greatest changes in fauna 
being associated 
with drastic changes in the vegetation. If 
it is decided that 
macrophytes are to be encouraged in a particular water 
body the 
water levels may be manipulated to increase the rate of colonis- 
ation. An examination of the shore line and also of water 
clarity will show the water depth required in the spring to 
provide light adequate for plant growth over the largest area 
of shore. , In lakes exposed to wind action it may prove best 
to aim at the establishment of a deeper water growth of plants 
initially. Relatively inexpensive methods are available for 
the artificial protection of exposed shores, whilst plant 
colonisation is taking place (Snell, 1968). If the growth 
of aquatic macrophytes is unacceptable the aesthetic value of 
the-: lake may be improved by reducing the level in the early 
spring enabling the development of the terrestrial flora on 
the large area of exposed shore. This would also have the 
effect of'stabilising the upper shore during periods of 
immersion. 
The requirements of any particular water body will vary 
and for water supply reservoirs the most important requirement 
must be the maintenance of the water supply. However in systems 
such as the one studied where several lakes are present it should 
be possible and indeed advisable for water undertakings to 
instigate a regime of water abstraction best suited to the 
recreational needs of the various lakes in the systenf. Indeed 
it may prove best for the recreational use of these reservoirs 
to subject the more artificial water bodies to an extensive 
range of water levels whilst maintaining the more natural 
flooded valley lakes at a high and steady level throughout 
the holiday season, when recreational demand is greatest. Within 
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the system studied only the two main lakes of the system 
can be considered of any recreational importance at this time 
and a programme of selective abstraction would seem to offer 
certain advantages. Chew Valley Lake at present supports 
little marginal vegetation and a population of roach 
(Rutilus rutilus) and perch (Perca fluviatilus), whilst 
Blagdon Lake has reasonably extensive growths of macrophytes. 
The situation in both lakes may be improved by an increased 
rate of abstraction from Chew Valley Lake during May and June, 
which should be midway through the spawning of the coarse fish 
in the shallow regions of the lake, thus controlling the coarse 
fish populations. This early drawdown should also increase 
the colonisation of the upper shore by macrophytes, albeit 
terrestrial forms. The increased abstraction from Chew Valley 
Lake during this period would allow the maintenance of a high 
level, of. Blagdon Lake throughout the early summer enabling 
maximum development of the littoral vegetation and associated 
fauna,, leading to an increased growth rate for trout in this 
lake. Such a programme would improve the aesthetic appearance 
of Blagdon Lake and at the same time would reduce the nuisance 
of the coarse fish to the fly fishermen using Chew Valley Lake. 
From the work reported in this study and the data already 
available in the literature, it is evident that in regulated 
water bodies the pattern of water level fluctuations experienced 
has a considerable effect on the species composition and abundance 
of not only the littoral gastropod fauna, but of the littoral 
flora and fauna in general. Most of the previous work in this 
country has concentrated on the diet and productivity of fish. 
With the exception of the studies on Lake Windermere (Moon, 1935) 
and Loch Lomond (Hunter, 1953 a), no work has dealt specifically 
with the reaction of the littoral fauna, or any component thereof, 
to changes in water level. These studies have dealt with the 
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ability of the littoral fauna to invade a freshly inundated 
region. There appears to be no study of how water level 
fluctuations affect the composition of the littoral flora and 
fauna of a natural lake, although other factors such as 
calcium content, eutrophic status and exposure to wave action 
have received continuing attention over a large number of 
years (Boycott, 1936; Hubendick, 1947; 1958; 1962; Macan, 1961; 
Okland, 1964; 1969; Spence, 1967; Put, 1967; Williams, 1970; 
Seddon, 1971; 1965). An increased understanding of this 
aspect of the littoral environment and its effect on the 
littoral biota is of considerable practical importance in 
those . regions of the world which suffer 
from high levels of 
infection by diseases transmitted by aquatic organisms (eg. 
Malaria, Bilharzia and Onchocerosis). Fluctuations in water 
level,. have been utilised by the Tennessee Valley Authority for 
the control of the mosquito vectors of malaria since the 
early 19301s'-(Van Dine, 1922; Hess and Kiker, 1944; Hinman and 
Hess, _1949;, Wiebe, 1958; Boyd, 1971). Several authors have 
suggested that changes in water levels could be of use in the 
control of the snail vectors of bilharziasis (Nbzley, 1954; 
W. H. O., 1957; 1965; Hubendick, 1958; Paget, 1969; Paperna, 
1969), but no field trials have yet been reported. As 
observed in this study the eutrophic status may enable the 
growth of sufficient aquatic vegetation during the limited 
growth season to have an ameliorating effect on the conditions 
experienced by the littoral fauna. 
In view of the importance of the littoral fauna as a food 
source for game fish and also as the vectors of disease it is 
important to increase our knowledge of the effects of fluctuations 
of water level on the littoral fauna and the extent to which this 
may be tempered by the vegetation present. 
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